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Flavonoids are one class of secondary metabolites of plants that secreted from 
their roots to avoid attacks from other bacteria. Quercetin (3,5,7,3’,4’-pentahydroxy-
flavone) is a polyphenolic compound together with anthocyanin and catechin etc. These 
dietary flavonoids have received special attention for their anti-inflammatory actions 
arising from scavenging capacity of free radicals. Metabolisms of flavonoids, 
especially that of quercetin, by microorganisms in terrestrial plant rhizosphere, have 
been studied in some detail. In fungi and some bacteria, quercetin is converted into the 
corresponding depside and carbon dioxide by the ring-opening quercetin 2,3-
dioxygenase (2,3QD) or quercetinase. Quercetinase has a strong resemblance with 
pirin, which concerns in apoptosis and cellular stress in eukaryotic organisms. Both 
pirin and quercetinase belong to the cupin superfamily, and require divalent metal ions 
such as Cu2+, Fe2+, and Ni2+ to exert enzymatic activities. However, the biological role 
of the bacterial pirin-like protein still remains unclear. 
In the present studies, to reveal the structure-function relationships of bacterial 
pirin-like protein, I have selected Pseudomonas stutzeri Zobell as a source of pirin 
because quercetinase activities of this anaerobic denitrifier have never been studied yet 
in spite of detailed studies on the enzymes concerned in denitrification. I have 
succeeded in cloning the gene coding for the pirin-like protein from the genome of P. 
stutzeri by PCR based genome walking. The amino acid sequence of the pirin-like 
protein from P. stutzeri shares 21 to 40% identities with the fungal quercetinases and 
pirins. Then, the pirin-like protein has been heterologously expressed in E. coli, and 
purified to homogeneity with metal-affinity and gel filtration chromatographies. The 
recombinant pirin-like protein exhibited quercetinase activities upon the incorporation 
of a divalent metal ion. In the case of Cu2+ the holo-protein demonstrated the highest 
activities and spectroscopic properties typical of type II Cu protein. The Cu-pirin-like 
protein exhibited narrow substrate specificities, the high oxidation activities to 
quercetin and myricetin differing from other quercetinases. A 3D-structual model 
constructed using the crystal structure of human pirin as temperate indicated that the 
metal biding site is constructed with 3His1Glu (His59, His61, His103 and Glu105) 
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1.1 Motivations and Challenges  
This research is encouraged by such investigation of handling the problems 
for heterologous expression of quercetinase, a flavonol deoxygenase enzyme. More 
in-depth background of selecting this enzyme as the experiment object was built on 
supportive purpose of the enzyme in rhizosphere microbes’ defense system toward 
destructive environmental substances, so the enzyme is respected to be important 
to heighten the microbes’ life, especially for the beneficial ones. The substances are 
flavonols which are emitted by plants to the environment [4]. Flavonols are harmful 
and bacteriostatic for microbes because of their antioxidant potency, which affect 
gyrase and prevent negative DNA supercoiling, so the DNA will not be replicated 
[25, 26]. Alongside the supportive advantage of this enzyme, a research concerning 
on cell viability has proved quercetinase capability in improving the cells survival 
against flavonols [35]. This endurance is an effect of quercetinase or quercetin 2,4 
dioxygenases proficiency in the catalytically reaction of both atom of oxygen 
compelling into flavonols especially quercetin, which is considered to be microbes 
injurious, to construct a lot more microbe undamaging substance, depside (2-
protocatechuoylphloroglucinol and carbon monoxide [3].  
Quercetinase is commonly released by some fungi after introduction of 
flavonols of rutin catabolic pathway such as rutin, kaempferol, and quercetin as the 
main carbon source [3,4,8]. In vitro homologous expression of Aspergillus flavus, 
Aspergillus japonicus, Aspergillus niger and Penicillium olsonii fungi able to raised 
enzymes that were successively analyzed to test their activity capacity to identify 
product formation, enzyme kinetics or environment dependency as part of enzyme 
catalytic mechanism; and structure profile according to the crystallography or 
spectroscopy data or else by sequence homology to find out the amino acid residue 
ligands and metal ion cofactor which establish the enzyme active site [4-9]. 
Some bacteria were also known in having quercetinase. Even so, the reports 
of these are not as many as the fungal enzymes. The noticed ones were investigating 
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Bacillus subtilis and Streptomyces sp. FLA, which discussed the identification of 
heterologous expression in E. coli, the crystal structure, kinetic and spectroscopy, 
and specific arrest in varieties of bimetal ion cofactors, which is opposing the  
fungal quercetinase which is activated by Cu2+ only [11-14, 36,37]. Moreover, there 
is another kind of enzyme which is detected on some bacteria which has identical 
catalytic action on flavonols decomposition. This enzyme is pirin protein which 
was originally familiar as nuclear factor 1 (NF1) interactor aiming for DNA 
replication and transcription [18-20]. Some extensive experiments exposed spare 
advantages of the enzyme. One of the improvement is quercetinase competence 
which was discovered in Arabidopsis thaliana, poliovirus host, E. coli and human 
[20,23,24]. However, these pirin studies only examined the enzyme utilization on 
quercetin but unfortunately not for the other flavonols. Therefore, the pirin 
occupation in flavonol deoxygenation remains uncertain and demands an advance 
analysis.  
The advance analysis shall also specify other organism’s pirin in order to 
enhance the span and implications. A new information of a pirin-like protein with 
no inquiry of the function has made an open opportunity toward it. This protein was 
derived from a prokaryote bacterium which is Pseudomonas stutzeri strain Zobell 
(CCUG 16156) [27]. The microbe is suitable for quercetinase exploration, because 
of its general awareness due to the dinitrogen fixing and denitrification capacity 
which give conjecture of its relation to the life of the main source of flavonols, the 
plants [28]. Exploration on the chance of the microbe competence in decomposing 
flavonols as substrates by exploiting its pirin-like protein will develop a notable 
notion of the defense potential of the microbe itself and the inclusive advantages of 
the protein, especially by deoxygenation approaches. An equitable value for the 
strain Zobell study is the habitat which is aquatic, remarkably the marine, will give 
distinctive characteristics to the prior pirin and even the quercetinase acquaintances 
which emphasized over terrestrial organisms. Accompanying the deduced study is 
the marine ecosystem which comprise some organisms, such as angiosperms and 
microorganisms with some ecological interactions, comparable to the earthbound 
but not as typical as the last. The angiosperms release phenolic compounds as their 
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defense against pathogens with microbes as one of it. As a matter of fact, these 
compounds contents, with flavonoids as one of them, within the plants detritus are 
still high, and prevent their degradation by microbes [77]. Thus, there is a 
deposition of detritus on the surface of marine which provide an ideal condition for 
nitrogen fixation, especially by denitrification [78]. The most respected 
denitrification model system as a vigorous denitrifying bacteria is Pseudomonas 
stutzeri [28]. However, this ideal condition can be dangerous for the Pseudomonas 
stutzeri because of the plants and also their detritus’ flavonoid antibacterial effect, 
and a defense system by the bacteria is a must. This defense should be initiated 
studied in the molecular level which is the enzymatic mechanism. Pseudomonas 
stutzeri pirin-like protein with its lack information regarding the function, is the 
most representative enzyme for the analysis.  In order to get an expressed protein 
for the enzyme analysis the experiment should be begun by obtaining the whole 
pirin gene, because an accurate gene could track the function of the protein 
outcome, and an incomplete DNA will undermine the protein constructing because 
it will be difficult to locate the precise start and end points of gene transcripts [38]. 
Thus, the first challenging situation is how we can attain the precise whole sequence 
of the pirin.  
Thereafter, the gene should be cloned into a vector to make a recombinant 
to express the protein. It is because bacteria pirin or quercetinase are expressed in 
different system to the fungal. While fungal protein were gotten by homologous 
expression in where the enzymes were secreted by the fungi themselves during 
cultivation in medium with such inducer of rutin or quercetin and do not need any 
cloning effort, the bacteria protein were ordinarily expressed by heterologous 
method in a vector. The conviction of heterologous protein expression is to support 
the vector to produce protein as much as possible. To achieve this high protein 
quantity, the process during the production should be raised up. In the transcription 
step, the gene for the expression should be set downstream with an intense promoter 
so the mRNA copied could be maximized. The high content of mRNA will intensify 
the amount of the translated protein. This method of protein expression heightening 
can be implemented by placing the gene and the promoter into a suitable plasmid 
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as vector of host cells, with a consideration that the cells will produce protein that 
is safe for the cells viability and convenient to be purified from the other parts of 
the cells [30,31,33]. Based on the issue, the second faced question is how we can 
decide the finest vector for cloning and expression. 
The expressed protein should be extracted from the cells, purified and 
verified before used for analysis. The extraction is settled based on the form of the 
protein, whether free, contained in cytoplasm or in extracellular matrix, attached to 
membranes, or part of connective tissue. The extracted then could be purified which 
taking the account of removing other molecules, recovering capacity, stability and 
resolution of the protein [40]. In order to make a verification if the purified protein 
is the appropriate recombinant Pseudomonas pirin, an N-terminal sequence was 
made. This sequence of at least four or five amino acid residues at the starting point 
of a protein is so specific and can be used to identified and confirmed if the protein 
is correct or mistaken [41]. These concerns have generated a perceptive for solving 
the third obstacle that is how we can extracted, purified and validated the protein.  
The next important point is protein reaction mechanism and characterization 
which is the main idea of a protein analysis. This idea then built the fourth 
challenged that is how we can get an accepted conclusion of the analysis of the 
enzyme structure, enzyme metal ion as the cofactor within the ligand binding, the 
enzyme activity toward quercetin, the enzyme reaction mechanism based on the 
product, the enzyme specific activity regarding a variety of flavonols along with 
particular kinetic values and the enzyme affecting environmental condition. The 
first analysis of enzyme structure was driven by the gained amino acid sequence of 
the pirin-like protein. The sequence was then employed for estimating the protein 
structure by homology modelling as a part of three dimensional protein structure 
deduction in computational method. This method is a discrete method of the 
experiment one, such as X-Ray crystallography or NMR spectroscopy which need 
more time during the execution than the computational method [39]. For that 
reason, this experiment appoint the homology modelling for structure 
determination. However the model needs a correct template as the structure origin, 
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which might be decided based on amino acid sequence similarity among the 
templates candidates and the current studied pirin-like protein.   
The second analysis is enzyme cofactor which was set based on the finding 
in a research of human pirin which finally identified pirin to be a metal binding 
protein after years of recognition as a transcription cofactor. Moreover, the bound 
metal is confirmed to be labile and can be substituted by other metal ions [18]. 
Hence, the experiment was prompted to evaluate the applicable metal ion within 
the Pseudomonas pirin together with the exact ratio of it. The evaluation is achieved 
by variation of bimetal ion subjection into the protein, together with the activity 
observation. Ions with high activity induced were expended in the titration curve to 
find the protein - cofactor relative amount. The ideal outcome of the metalloenzyme 
was then spectra assessed by UV-VIS and EPR was made. As well as the metal 
content, the spectra should also affirm the structure which was formerly predicted 
by homology modeling.  
The third analysis is the simultaneously catalytic valuation in quercetin 
fragmenting as admission of the activity presence which denotes earlier report of 
pirin competence in quercetinase with quercetin absorbance peak decrease during 
pirin catalytic reaction [20]. This analysis should be corroborated by the fourth one 
as the revealing if the attainable splitting is occupied by such quercetinase. The 
attempt consist of carbon monoxide detection which was inquired on palladium 
reduction [13] and depside which was performed by UV-Vis absorbance [43]. Akin 
experiment on different flavonols were also took place during the fourth assay as 
an improvement of the preceeding pirin report which discuss quercetin as the 
enzyme substrate only. Flavonols taking high disintegration reaction were further 
expended on the kinetic study. Lastly, environment dependency of quercetin rings 
opening by the pirin was taken to firm up the most applicable condition. 
The whole analysis, especially the results of spectra evaluation upon the 
ligand and bound metal, flavonols products formation and enzyme kinetics should 
offer an extrapolation of the reaction mechanism which is preserved on the current 
Pseudomonas pirin. The mechanism elucidation was compared to the previously 
offered idea of pirin and/or quercetinase from other bacteria of fungi. While the 
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reactive flavonols against the pirin catalysis might suggest structural requirements 
for pirin deoxygenation response compare to the presented concept on quercetinase 
[10] or the spontaneous reaction [6]. The kinetics endorsed this requisite by 
justification of the substrate binding within the active site pocket. 
The achieved datum of the pirin experiment displayed the enzyme lower 
activity of quercetin ring detaching than the real quercetinase of fungi or bacteria. 
As a consent, the comparison was against quercetin despite of pirin, because there 
is no records stating the rate activity of pirin. This low activity was hypothesized to 
be related to the minute size of the pirin binding site cavity. Consequently there will 
be a problematic of a large substrate binding. In view of that, the encountered sixth 
hindrance is how we can expand the pirin cavity.  
Protein cavity is influenced by the protein folding which is driven by such 
substantial free energy primarily stipulated by hydrophobic effect. The energy 
facilitate a well-defined structure and extrication deterrence of a protein polymer 
chain. While the hydrophobic force is carried by the amino acid composition of the 
protein [43]. In succession, to enlarge the pirin cavity, the assessed effort is 
mutation of one or some nucleotides of the recombinant to modify the translated 
amino acids of the pirin. This sequence modification of specific residues within the 
cloned DNA of a recombinant for altering the enzyme performance is known as 
mutagenesis [44]. The strategy of the mutagenesis can be attained by the site-
directed one with synthetic oligonucleotides having an internal mismatch to the 
complement DNA template [45]. Regardless of this approach the last obstruction is 
which amino acid that should be substituted. First, we should examine the structure. 
Based on the examination, there is an amino acid that fairly non-reactive, so rarely 
involved in the protein function, but positioning near by the active site and buried 
in the hydrophobic cavity of the pirin. This amino acid is phenylalanine (Phe56). 
The mutation of Phe56 to the other amino acid having less hydrophobicity and size 
will perform a lot more secure energy for a better folding and develop a larger cavity 





1.2.  Objectives 
Inadequate information in the field of bacteria quercetinase study, intensely 
throughout pirin protein, as a potential apprehension regarding the bacteria defense 
competence against injurious flavonols over their surroundings, has motivated a 
leading experiment of this pirin exploration. Afterward, the discovery of pirin-like 
protein in Pseudomonas stutzeri strain Zobell (CCUG 16156) [27] as an important 
bacteria on the nitrogen fixation process [28] has initiated the investigation. 
Correspondingly, the objectives of the investigation were assigned to provide an 
enhance report to the limited study of bacteria quercetinase which encompass the 
exceeding pirin exploration with a prominence upon the gene cloning, expression, 
reaction mechanism, and mutagenesis. The comprehensive intention was then 
organized into some specific aims based on the above problem, which comprise of: 
1. Providing the whole pirin gene sequence within a recombinant as a derivation 
for the enzyme translation. 
2. Establishing the finest vector to express the most favorable refinement and 
capacity of the pirin protein.  
3. Defining the suitable method for extraction, purification and validation of the 
enzyme to get the proper pirin which is applicable for the characterization assay. 
4. Predicting the most appropriate 3 dimension structure of the pirin, especially 
for the active cavity and ligand binding elucidation, based on the adopting 
homology of the preceded enzyme template which is designated upon the amino 
acid sequence similarity. 
5. Analyzing the metal ion of the pirin which serve as the most reliable cofactor 
within the ligand binding and able to perform the best quercetinase activity. 
6. Measuring the pirin competence in quercetinase.  
7. Ensuring the quercetinase qualifications of the pirin based on the product 
formation recognition. 
8. Verifying the pirin susceptibility against a variety of flavonols along with the 
specific activity and particular kinetic values of each.  
9. Figuring the pirin’s optimum environmental condition of temperature and pH. 
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10. Managing a site-directed mutagenesis over the pirin gene to expand the 
expressed pirin active site cavity which is settled to elucidate the problem 
pertaining to the low quercetinase activity of the gained enzyme.  
 
1.3.  Organization of the thesis 
The thesis consists of five chapters. Chapter 1 is the general introduction of 
the report which describe the backgrounds, problems and aims of the research 
together with the signify literature review. The review comprises the previous and 
related theoretical and experimental records of enzyme which principally discusses 
the description and activation of enzyme; oxygenation which is mainly about types 
and catalytic mechanisms; cupin superfamily which mentions its distinctiveness; 
quercetinase which explains the ensued reaction with the implicated substrates and 
products; fungal and bacterial quercetinase which compare the arrangements of 
both such as the cofactor ligand and the metal dependency; and pirin protein which 
describe the function, notably the latest one on quercetinase.  
Chapter 2 to 5 are four interrelated experiments which were conducted to 
reach the ten goals of the research. Chapter 2 details cloning of the currently studied 
pirin-like protein gene. Actually, the cloning were conducted for pirin sequence 
affirmation and pirin protein expression. Nevertheless, this chapter will discuss the 
sequence affirmation only which was made as a comparative sequence tracking to 
previously report Pseudomonas stutzeri strain Zobell pirin-like protein draft 
genome [27] by method of integrated gene amplification which was followed by 
the gene cloning within vector for arranging the pirin DNA library. The first 
amplification pursued an intermediate sequence segment of the studied pirin by 
employing artificial oligonucleotides that were designed based on the pirin-like 
protein genomes of Pseudomonas stutzeri strain DSM 4166 and ATCC 17588. The 
partial segment of the Zobell pirin-like protein sequence was then extended by 
subsequent amplification to gain a complete sequence by implementing 
hybridization method of DNA labelling or genome walking. Thereafter, the 
description was about the whole obtainable pirin sequence cloning into pGEMT-
easy vector to hold the DNA library.  
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Foster explanation of the next cloning into several plasmids to get the most 
appropriate cloning vector in protein expression was specified in chapter 3. These 
expression system description was endowed by diverse methods of the protein 
extraction and purification to get the most ideal protein production with the best 
purity and enzymatic competence. The last section of the chapter indicated the 
enzyme purity verification and sequence authentication to obtain an eminent pirin 
which is relevant to be assayed. 
Chapter 4 brought up the characterization of the enzyme which approve the 
pirin-like protein structure and competence in quercetinase and the specific activity 
toward some flavonols substrates. The initial enlightenment was the comparison of 
some metal inducers which become the cofactor to the active site ligand. The 
enzyme-metal complex giving the most activity enhancement will be further 
deliberated by means of the EPR and UV-VIS spectra analysis and should be 
concomitant to the structure prediction by homology modelling. The ratified protein 
complex was instigated in a broaden clarification concerning on the reaction 
product outcome of a various flavonols with the validation of some kinetic values 
in order to stipulate the pirin reaction mechanism expectation. Lastly, to heighten 
the characterization, this chapter will convey the effect of temperature and pH over 
the enzyme activity.  
Chapter 5 suggest the pirin gene mutagenesis. The specifics of the mutation 
were about the mutagenesis reason which was constructing a more active enzyme, 
the judgement of the mutagenesis method which was basically built upon the time 
and expense, the method of the mutagenesis which was the site-directed one, the 
mutagenesis way that will be taken to get the desired enzyme which was enlarging 
the enzyme cavity, the amino acid residue for the mutagenesis target which was the 
phenylalanine located nearby the enzyme active site, the reason of electing the 
residue which was due to the hydrophobicity and position within the enzyme, and 






1.4.  Literature Review 
1.4.1. Flavonoids 
A flavonoid is a natural hydroxylated phenolic compound which found 
mainly on plants. As in Fig. 1. the basic chemical structure of a flavonoid is an 
aglycone with flavan rings which consist of two benzene rings (A, B) and one 
pyrane ring (C). However this aglycone can become a glycoside or methylated 
derivative ones. In the glycoside formation, the glycosidic linkage to the 
carbohydrate of galactose, L-rhamnose, D-glucose, gluco-rhamnose, or arabinose 
is located in positions 3 or 7. While the methylation substitute the benzene element 
in a variation of position. Flavonoids are classified into classes based on the level 
of oxidation and pattern of substitution of the C ring. These classes of flavonoids 
are flavonols, flavan-3-ols, flavones, flavanones, flavanonol and isoflavones. Each 
compounds within a class is different in each other in the pattern of substitution of 





Fig. 1. Basic structure of flavonoid 
 
Flavonoid has many beneficial effects for plant itself, such as in energy 
transfer, photosensitization, hormone and growth, metabolism, morphogenesis, 
pollination and sex determination. Moreover, this compound is synthesized by 
photosynthetic cells as a response to microbial infection, and abiotic or biotic stress. 
Accordingly, this has promoted flavonoid for becoming anti-inflammatory, enzyme 
inhibition, oestrogenic, antimicrobial, antiallergic, antioxidant, cytotoxic and anti-
tumor agents. A diverse study of flavonoid is predominantly take the antimicrobial 
activity as a concern in human welfare and health. The antimicrobial occupation 
might be carried out by the dihydroxylation of the two benzenes rings. Though this 
occurrence need to be further analyzed [80].   
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Regarding to the antimicrobial activity, a current report has mentioned that 
a kind of flavonoid, the quercetin, is able to bind to the GyrB subunit of E. coli 
DNA gyrase and inhibit the ATPase activity. This was proved by measuring the 
fluorescence of quercetin in the present and absent of isolated E. coli DNA gyrase. 
The enzyme binding site seem to have an overlap region of ATP and the flavonoid, 
wherein the alteration of quercetin – enzyme bounded fluorescence appear during 
the ATP addition. Another report mentioned about the GyrB ATPase inhibition by 
quercetin after affirming a coupled ATPase assay [80]. 
Quercetin is a kind of flavonols. The instances of other flavonols are morin, 
myricetin, galangin, and kaempferol. These flavonols are the most food abundant 
flavonoids which are characterized by the bound of hydroxyl in the C3 atom of the 
pyrane ring [80]. Flavonols are also emitted by marine organism, such as sea grass 
as one of their defense mechanism [77, 81].  
In spite of this, microbes also have such degradation mechanism toward the 
flavonols. This mechanism of flavonols conversion can be divided into 4, which are 
microbial, anaerobic prokaryotic, aerobic prokaryotic, and aerobic eukaryotic 
catabolism. The first transformation are in the form of glycosylation, hydroxylation, 
O-metylation or O-demethylation of the original flavonols. The anaerobic 
prokaryotic are performed by bacteria in the rumen and intestine, by removing the 
sugar part of the flavonols and change it in CO2, phloroglucinol and phenyl acetic 
acid derivatives. The aerobic prokaryotic construct various benzoic acid derivatives 
from the flavonols. The last metabolism is plotted in the rutin catabolic pathway in 
where a dioxygenase enzyme is involved [4].  
 
1.4.2. Dioxygenase 
An enzyme is a protein which has catalytic advantage. This advantage is so 
specific to a limited scope of substrates having a typical chemical properties.  This 
specific characteristic is developed by the enzyme active site which is suitable to 
bind some substrates particle only, so the attachment of substrate into enzyme will 
be restricted. In addition, the substrates are the molecules which are involved in the 
chemical reaction, while the enzyme is the booster which enhance the reaction rate. 
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At the end of the reaction there will be products emission. Products are substrates 
that has been converted into other form of molecules through the catalytic action. 
The molecular size of substrates and products are smaller than the enzyme whose 
structure is remain the same for the molecule before and after reaction [47]. 
The structure of substrate unaccompanied enzyme is similar to the other 
protein. This huge molecular mass of enzyme (generally in the range of 20,000–
100,000 Da) is also composed of a well-organized amino acid with amide linkage 
known as polypeptide. The configuration of the structure is detailed as follows. At 
the outset, there is an enzyme primary structure which is composed by amino acid 
sequences. Next, the linear polypeptide chain performs the enzyme secondary 
structure. This secondary structure comprises a series of enzyme elements 
association, such as the amino acid side chains connection over hydrogen bond 
known as α-helix, inter-strand hydrogen bonds union of polypeptide chains known 
as β-sheet, and 180° turn at the sheet-end known as β turn. Next, the bundle of the 
secondary structure “folds” into an enzyme subunit, known as tertiary structure in 
the form of three-dimensional arrangement with a small hydrophobic fissure or 
cavity of “active site” wherein the substrate will bind and then a chemical function 
occur to discharge product. Finally, some enzyme subunit can combine one another 
to compose the quaternary structure [34].  
However, a subunit enzyme of its tertiary structure only has been accepted 
to be already able to give a reactivity which is organized within the enzyme cavity. 
The dynamic of the enzyme cavity executes by the active site ligand which is 
composed by amino acids which have functional groups on the side chains [48]. 
Frequently, the enzyme cavity do not occupied by substrates only but also by a kind 
of non-protein molecule which is able to support the enzyme chemical reaction 
augmentation. This molecule is mentioned as the enzyme cofactors. Thus, there is 
an enzymatic arrangement of enzyme, cofactor and substrates. The cofactor 
facilitate the enzyme reactivity, so it can lift up the rapidity of substrate friction or 
substrates compounding into product molecules. The group of enzymes holding 
cofactor to become catalytically more active display two kind of enzyme formation, 
apoenzyme and holoenzyme. Apoenzyme is the active species of the enzyme solely. 
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Holoenzyme is the active complex of enzyme and cofactor. The apoenzyme and 
holoenzyme formation sometimes can be shifted reversibly. At this condition, the 
cofactor can be detached out of the holoenzyme complex and/or re-introduced to 
the generated apoenzyme. This occurrence of apo- and holoenzyme swapping gives 
a beneficial circumstances in which chemically or isotopically modified versions of 
cofactors are incorporated into the apoenzyme to assist structural and mechanistic 
studies of the enzyme [47]. There are many kinds of cofactors. One of them is metal 
ion. Hereafter, there is an enzyme – metal complex which is commonly identified 
as metalloenzymes [48].  
Some metalloenzymes are involved in oxygenation as an oxygenase which 
incorporate oxygen atoms from dioxygen into substrates to construct products. The 
enzyme is important for the dioxygen activation. This is because of two unpaired 
electrons in the highest occupied p* orbitals which is found on the ground state for 
dioxygen (3O2) is spin-forbidden to react with spin-paired singlet species. Enzyme 
assists the addition of electrons to the unpaired ones of the dioxygen, then the 
reaction will be permissible and can be executed [16].  
Oxygenase is a common oxygen metabolism of many organisms [49]. The 
enzyme consists of two, the monooxygenase and the dioxygenase. Monooxygenase 
reduces two atoms of dioxygen into one hydroxyl group which then incorporates 
into substrates and one H2O molecule by a parallel reaction of NAD(P)H oxidation. 
The introduction of one oxygen atom to construct H2O is done by the substrates or 
by a co-substrate reductant. On the contrary, the dioxygen incorporation into 
substrates, catalyzed by dioxygenase, is not only through a single atom, but both of 
them [50]. Dioxygenase can be divided into two type, the aromatic ring and the 
aromatic ring cleavage ones. The aromatic ring enzymes will integrate two 
hydroxyl groups raised by the reduced dioxygen atoms with an NAD(P)H as 
electron donor into the aromatic substrate. The hydroxyl groups are attached to the 
products as diol by a cis formation. Conversely, the aromatic ring cleavage enzymes 
merge two atoms of dioxygen into aromatic substrates without any support of any 
external reducer and the aromatic ring will be cleaved then [50].  
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Aromatic ring cleavage mechanism of almost every bacteria dioxygenase 
enzyme is a continuous reaction of degradation of an aromatic compound. Initially, 
the aromatic compounds are fragmented into products which have two or more 
hydroxyl group on the aromatic ring. These product are the reaction intermediates 
which then being the substrates of aromatic ring cleavage dioxygenases. If both 
hydroxyl groups of the intermediates are arranged in ortho position relative to each 
other, there will be two type of aromatic ring cleavage that can be happened. One 
type is intradiol which the cleavage is occured between the two hydroxyl groups. 
The other type is extradiol which have the cleavage on the adjacent carbons bond 
of a hydroxyl group. Correspondingly, if the two hydroxyl groups are relatively 
para positioned to each other, the cleavage appears between the substituent of 
carboxyl or acetyl and the proximal hydroxyl group [50]. 
Aside from the diverse mechanism among dioxygenase, most of them have 
similar necessity of cofactor dependency. The cofactor which is in the form of metal 
ion has a function on dioxygen activation by donating electrons. The donation is 
facilitated by the enzyme as mentioned in the beginning of this sub-chapter. There 
are three strategies of the dioxygen activation [16].  
a. The orbital overlap with a metal ion.  
During the coordination to the enzyme active site, the metal ion is converted 
into its transition form which has unpaired 3d electrons. Meanwhile, the ground 
state of dioxygen also has unpaired electrons of its p*orbital. Both metal ion 
transition and the dioxygen will perform a complex connection over their orbital 
with their unpaired electrons will remains constant. 
b. Single electron transfer.  
The transition metal ion transfer a single electron to the dioxygen to form 
superoxide. The single electron is perform by the consecutive oxidation states 
of the transition ion.  
c. Reaction with a substrate radical.   
This reaction occurs when an intermediate of the aromatic ring cleavage bound 





Other than a great number of the enzymes which are metal dependent and 
further mentioned as metallo-enzyme, the dioxygenases also consist of a group of 
enzyme which do not need any metal ion or organic cofactor as the reaction 
facilitator. Within this group, a mechanistically reactions of substrate and dioxygen 
are performed to activate the dioxygen, and during the reaction there will be a 
formation of a stable substrate radical [16].  
 
1.4.3. Cupin superfamily  
The studied pirin enzyme of the current experiment is a dioxygenase which 
has its classification upon cupin superfamily. The word cupin came from “cupa”, a 
Latin word for barrel which is the distinct appearance of this superfamily structure 
as mentioned below. The cupin superfamily protein can be found in a wide number 
of organisms comprised in eukaryote, archaea and bacteria with a low sequence 
similarity distribution. Furthermore, over these numbers of organisms, the proteins 
were observed to have some varieties of biological function which include 
enzymatic activities, such as decarboxylases, dioxygenases, isomerases, hydrolases 
and epimerases, and the non-enzymatic ones, such as binding to auxin, transcription 
factors, and seed storage [51]. In spite of the low sequence homology over a huge 
diversity of fellows and functions, all enzymes within the superfamily have 
particular similar structure pattern. The pattern performs by six to eight antiparallel 
β-strands located which compose the conserved β-barrel fold (cupin) with two short 
acid motifs of G(X)5HXH(X)3-4E(X)6G (motif 1) or G(X)5-7PXG(X)2H(X)3N (motif 
2) related through an intervening loop. Two histidine and one glutamate residues of 
motif 1 together with one histidine of motif 2 which is identified as 3His2Glu 
accomplish a unique active site. Both motifs compose cupin in the configuration of 
single (monocupin), double (bicupin) or multi domains (multicupin) [17,18]. The 





Fig. 2. The cupin superfamily characteristics with crystal structure of YxaG 
(Quercetin 2,4-Dioxygenase from Bacillus subtilis) as the representative. The 
enzyme is a dimer with bicupin conformation within each monomer. One 
monomer is yellow-orange colored, and another is blue-green. Each color poses 
each domain with some folded β-barrel sheets related through some intervening 
loops and some α-helixes on the domain end [11]. 
 
The active site of the enzymatic cupin contains divalent metal ion as the cofactor. 
This ion is coordinated to the histidine and glutamine residues of the two motifs as 
a ligand binding. Even though in some cases, there are alterations over the ligand 
binding of some enzymes, such as a replaced glutamate by cysteine in mammalian 
cysteine dioxygenase or a replaced glutamate by histidine in polyketide cyclase. 
Despite of this, the coordinated metal ion into the ligand is commonly to be iron or 
manganese. However, some enzyme also known to able to bind copper, zinc, cobalt 
or nickel [17]. The occurrence of the metal ion generates an expansive function over 
the enzymes. A kind example is the human pirin protein. This enzyme was initially 
known as a putative transcription cofactors, but the latest report of the enzyme has 
detected the presence of an iron over the ligand binding sites which made a new 
assumption concerning the enzyme function which spread from the capability in 
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cleaving quercetin aromatic ring to the transcriptional regulation by enhancing and 
stabilizing the formation of the p50-Bsl-3-DNA complex [18, 20]. Other reports 
also mentioned about the metal ion appearance on the ligand binding, which in 
some cases, the ligand able to bind a divergent constituent of metal ions and 
catalyzes a similar chemical reaction, such as the reports of Streptomyces sp. FLA 
quercetinase with a preference for nickel and cobalt [14] or catalyzes different one, 
such as an enzyme on Klebsiella pneumonia methionine salvage pathway [52]. 
 
1.4.4. Quercetinase  
The fundamental topic of this experiment is a study of a recombinant pirin 
protein of Pseudomonas stutzeri strain Zobell in achieving competence of aromatic 
ring cleavage of flavonols, especially quercetin. This ability of splitting is basically 
possessed by quercetinase (quercetin 2,4-dioxygenase, 2,4-QD, EC 1.13.11.24) 
which is an enzyme involved in the rutin catabolic pathway [3]. Quercetinase and 
pirin are enzyme included in the cupin superfamily. Quercetinase has been reported 
for having an obvious action on deoxygenation, and recently, a comparable kind of 
action has also been detected upon pirin of human and E. coli (4-17, 18-20, 35-37). 
After referring some discourses of enzyme, oxygenation and cupin superfamily, this 
sub-chapter would like to represents the ones on quercetinase. 
 
 
Fig. 3. Chemical reaction of quercetin cleavage by 2,4-QD as the catalyst. The 
heterocyclic C ring of the quercetin will become accessible for the oxygen 




Quercetinase ordinarily has a catalytic reaction which expend quercetin as 
the substrate. The enzyme supports both of oxygen molecules attachment to the 
quercetin rings with 2-protocatechuoylphloroglucinol (depside) and CO as the 
outcomes [4].  
Quercetin is a kind of flavonols which is actually a rutin aglycone released 
from quercitrin, the corresponding glycosides [4]. Other than quercetin, there are 
many other kinds of flavonols. The flavonols are group of low molecular weight 
benzo-γ-pyrone derivatives, ubiquitous as ordinary plant substances [5]. Due to the 
plant association with the environment, these flavonols have propensity to be 
released into the plant surroundings [53]. Thus, the organism of the plant 
surroundings should have ability in degrading this compound since they are 
considerable harmful. Oppositely, based on the shape, the flavonols are kind of 
aromatic compounds which have π orbitals delocalization, so they are very stable. 
Thus for the modification, these compounds can only be degraded by some of the 
aromatic ring components substitution and dearomatization. Commonly, 
microorganisms maintain this reaction of aromatic compound degradation by 
hydroxylation reactions as the portion of aromatic ring element substitution that is 
followed by the cleavage as the dearomatization step [17]. The whole reaction is 
then brought into the group of aromatic ring cleavage deoxygenation mechanism. 
However, correspond to the other deoxygenation, the mechanism can be further 
classified into the ones of ortho (intradiol or extradiol) or para fragmentation [50]. 
In the notification of the flavonols abundance around the microbes’ environment 
and the degradation diversity over deoxygenation, the quercetinase reports have a 
tendency to discuss about its capability in the flavonols degradation and also the 
mechanism of the deoxygenation which is different from quercetinase of bacteria 
to fungi. 
In order to be able to be degraded by the quercetinase, the flavonols should 
comply with some requirements upon their structure. The minimal substrate 
structure is the 3-hydroxy flavone squeleton with a fix position of the double bound 
within C ring, but could have some variations of functional groups, mainly –OH, 
on A or B rings. The functional groups variation on both rings influences the rate 
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of the catalytic, such as the modification of hydroxyl group over carbon 5 and 7 
which commonly give a high catalytic rate [4]. 
The 3-hydroxyflavones importance and the derived mechanism of 2,4-QD 
were proved by atom labelling. The first experiment of the atom labelling was 
achieved over Aspergillus niger quercetinase. The labelling object was the rutin C3 
atom. This rutin will be in vivo metabolized into quercetin by rutinase. Next, the 
quercetin will be degraded by the quercetinase, and it was found that the labelled 
C3 is released as CO [54]. The experiment gave 2,3-QD as the quercetinase name. 
The second opposing experiment was done on Aspergillus flavus quercetinase by 
labelling the 18O2. The result of the labelled atom detection was shown that there 
was no detected oxygen atom on the produced CO, but there were two oxygen 
atoms detected on the C2 and C4 of the produced depside [55]. This last one gave 
2,4-QD as the name of quercetinase. The difference of both experiments was 
predicted to be caused by the insolubility of quercetin in aqueos solution that was 
solved by the second experiment by dissolving quercetin in DMSO. Thus, it was 
decided that the quercetinase should be entitled as 2,4-QD [4]. This appointment 
was also supported by typical reaction found in many deoxygenase, in which both 
atom of the oxygen should compile into an aromatic substrate [50]. A lot more 
profound detailed of the deoxygenation mechanism reaction of the enzyme is 
inscribed on the next sub-chapter of fungal and bacterial quercetinase. 
 
1.4.5. Fungal and Bacterial Quercetinase 
The quercetinase experiments are mostly designed on fungi, such as on 
Aspergillus flavus, Aspergillus niger, Aspergillus japonicus, and Penicillium 
olsonii. The bacteria ones are performed on Bacillus subtillis and Streptomyces sp. 
FLA. The fungal experiments were conserved by a homogenous protein expression 
in which the fungal was induced to produce quercetinase by rutin combining onto 
the growth medium. The bacteria ones are different because the enzymes were 
heterologous expressed within other organisms as vector [4, 7-14]. This sub-chapter 
describes about the features of both quercetinase.  
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The first feature is about the structure. As a cupin, quercetinase also present 
a similar structure characteristic which is composed of β barrel fold (cupin). There 
are two examples of quercetinase crystal structures that have been established and 
confirmed the cupin appearance. One is discovered from fungi which is Aspergillus 
japonicus and another is originated from bacteria which is Bacillus subtilis. Both 
have an identical configuration of a double fold cupin within the structure, 
described as bicupin. These bicupin reflect the N-terminal and C-terminal domain 
of the enzyme which is joined by a linker. The A. japonicus N- and C-terminal and 
linker are composed by residues 1-145, residues 206-350 and residues 146-205, 
respectively. While the B. subtilis ones are composed by residues 1-148, residues 
177-333 and residues 149-176, respectively. The two domains of both enzymes are 
considered to be similar which are 20% identity for A. japonicus and 46% for B. 
subtilis. Each domain has two antiparallel β sheets, eight strands which form a β 
sandwich and two short α helices with an additional β strand on the N-domain. A 
hydrophobic pocket is found in each domain of the two enzymes wherein the 
catalysis may occur. However, only in the N-terminal of A. japonicus quercetinase 
that a metal ion cofactor is coordinated to the active site ligand which is composed 
by three histidines and one glutamate. While both B. subtilis quercetinase terminals 
have the bound metal ions. In spite of this, the ligand coordination of A. japonicus 
resting enzyme has two formation, the major 70 % Glu-close conformation in where 
three histidines and a water molecule perform trigonal bi-pyramidal arrangement; 
and the minor 30 % Glu-open conformation in where the solvent-derived ligand is 
shifted away and the four ligand residues perform a square pyramidal arrangement. 
The B. subtilis enzyme has an almost similar arrangement in which a distorted 
trigonal bi-pyramidal is in the N-terminal domain and the square pyramidal is in the 
C-terminal one [7, 11]. 
Other than the structure, fungal and bacterial quercetinase have different 
metal ion cofactors on the enzymes active site. The fungal quercetinase are kind of 
unique dioxygenase in having copper as the metal cofactor, which is contrast to the 
other dioxygenases that typically demand iron to facilitate the enzyme activity. The 
Aspergillus flavus and Penicillium olsonii enzymes are the simplest type 2 copper 
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in the form of monomer with 2eq Cu/enzyme for the first and 0.9eq Cu/ enzyme for 
the last [4,8]. In the contrary, Aspergillus niger enzyme has more complex structure 
as heterotrimeric which perform a nonblue type 2 copper with 1-1.6 Cu/enzyme. 
The achieved crystal structure of quercetinase which is the one on Aspergillus 
japonicus has a combination of type I and type II copper coordination. The structure 
of Aspergillus japonicus quercetinase ligand site and the bound metal ion, which is 




Fig. 4. The active site conformation of the N-terminal of resting Aspergillus 
japonicus quercetinases. The ligand site is built by His66, His 68, Glu73 and 
His112. The metal cofactor of Cu is in gold. (A) is the Glu on conformation and 
(B) is the Glu of conformation (water molecule is not shown). 
 
The bacterial quercetinase are also exceptional, because of their varieties of 
metal cofactors, including iron. Formerly, there is Bacillus subtilis YxaG which is 
one of four bicupins possessed by the bacteria. Its crystal structure gave a dimer 
protein with each domains of each monomer having the active site of metal binding. 
Ion cofactor of Fe2+ (0.1 eq/subunit), Co2+(0.65-0.8 eq/subunit) or Mn2+ (1.6-1.9 
eq/subunit) attaches to these binding centers of N- and C-terminal which have 
comparable arrangement of cavity and active site residues to the Aspergillus 
japonicus that are His62, His64, His 103 and Glu69 for the first domain and His232, 
His234, His275 and Glu241 for the second one as in Fig. 5 [11,12]. The second is 
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the Streptomyces sp. quercetinase which is proposed to be a homotrimeric or 
dimeric with a monocupin for each monomer having 33% sequence homology to 
the C-terminal domain of Bacillus subtilis one. The metal cofactor within the active 




Fig. 5. The active site conformation of Bacillus subtilis quercetinase with a similar 
binding motif of 3His1Glu as the fungi one with magenta as the metal ion. (A) is 
the binding site on the N-terminal and (B) is the binding site on the C-one. 
 
Additionally, the active site structure together with the bound metal ion give 
a distinct molecular mechanisms of flavonols degradation between bacterial and 
fungal quercetinase. The proposed quercetin degradation mechanism by fungi is 
stipulated by Aspergillus japonicus quercetinase. Initially, there is a balance 
structures of the off- (1A) and on- conformation (1B). The metal ion bound to the 
four ligand residues with glutamate as one of them (1B) able to facilitate the 
substrate binding at its C3 which has deprotonate its OH functional group into H. 
The product is substrate radical complex of Cu (II) (2A) and radical complex of 
Cu(I) (2B). One atom of O2 bind the C2 of each radicals and perform substrate 3A 
if bind to the Cu(I) complex or 3B if bind to the (II) complex. Another atom will 
subsequently bind to C3 to construct endoperoxide intermediate (4). Finally, the O-
O bond of the intermediate is cleaved to release CO and leaves depside (5) [3]. 
Moreover, the indication of a raised Cu(I) radical complex by one electron transfer 
from substrate (as deprotonation of C3 – OH) to Cu then give a suggestion that the 
proposed mechanism is a kind of intradiol deoxygenation [56].  
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Another proposed mechanism supposed to be inherited by the bacteria one 
as follows. The reaction is started by a substrate binding to the divalent metal ion 
coordinated within the enzyme ligand site, building an M(II)-flavonolate complex 
which has a high electron density on its C2 atom. This binding is induced by 
substrate carboxylate coligand. In case of the fungal enzyme, the electron donor is 
given by substrate to divalent metal which is reduced into M(I), then in in the 
bacteria one, C2 atom high electron density of M(II)-flavonolate complex induces 
its electron transfer to dioxygen and generates the superoxide anion radical along 
with the M(II)-flavonoxy radical (the oxidized form of the substrates complex). The 
further steps of the mechanism on the bacteria enzyme are resemblance to the ones 
by the fungal, in which the last product will be depside. As an addition, the valence 
of the metal ion remains the same during these reactions, and thus provide an idea 
that (1) the role of the divalent metal ion is maybe to correct the substrate position 
within ligand and stabilize transition states and intermediates; and (2) the proposed 
mechanism of the bacteria quercetinase is the extradiol dioxygenase [17].  
 
1.4.6. Pirin  
Another member of cupin superfamily which is the pirin protein is recently 
reported to have a detected quercetinase activity. This pirin is the human and E. coli  
pirin which are collected through their recombinant cell. Far in advance, this protein 
was isolated by yeast two-hybrid screen as nuclear factor 1 interactor (NF1) for 
transcription factor that promotes adenovirus DNA replication and RNA 
polymerase II-driven transcription [19]. Afterwards, pirin becomes extensively 
examined because of its wide benefit over organisms, and later, it was known to 
involve in novel mechanism of human gen regulation, growth and development of 
plant life, and even stress resistance of microbes with quercetinase competence as 
an instance. Furthermore, the competence of this stress resistance against quercetin 
was verified to be possessed by pirin of Arabidopsis thaliana and event poliovirus 
host [20-24]. Arabidopsis thaliana in vitro-translated pirin is used to be known for 
light and ABA stimulation during seed germination and transcription, but the latest 
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study report its eligibility in cleaving the quercetin ring [23]. While pirin content of 




Fig. 6. Multiple sequence alignment of A. japonicus and B. subtilis quercetinase, 
and E. coli pirin homologue. Domain 1 and 2 are boxed in peach and blue, 
respectively. Metal ion coordinating and substrate binding pocket are boxed in 
black and red, respectively. 
 
Among the other pirins which able to degrade quercetin, the E. coli pirin is 
the most recent protein with an established crystal structure. Thus, this sub-chapter 
give a slight detail of it. This pirin has gave the eminent finding of pirin competence 
in quercetinase which is proved by the CO and predicted depside products forming 
after enzyme addition to quercetin solution and also the suppression of the enzyme 
activity after combining some inhibitors. This pirin shares 26% homology to the 
Aspergillus japonicus quercetinase as the fungal representative and 29% homology 
to the bacteria one of Bacillus subtilis. The sequence alignment of the three proteins 
is shown in Fig. 6. While the structure of the E. coli pirin is in Fig. 7. The structure 
has more homology to the Aspergillus japonicus as opposed to the similarity results 
of the sequence, such as in the occurrence of the ligand site. Both figures provide 
the explanation of the pirin description under cupin. The sequences divided into 
two domain of N- (peach shading) and C- (blue shading) terminals which are 
depicted on Fig. 6. In pirin, both domains are composed within a single monomer 
of the pirin in face to face arrangement. These domains are cross-linked via C-
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domain elongated β1 strand and N-domain elongated β2 strand which is related by 
residues 136-141.  Each domain contains two antiparallel β-sheets with seven β-
strands forming a β-sandwich. However, only in the N-terminal one, the active 
cavity of the enzyme is found with a cadmium bound to the ligand site. This ligand 
site is appear differently to the bacterial or fungal quercetinase. Pirin ligand is 
composed by three histidine and one glutamate in the arrangement of 3His1Glu 
which is different to the quercetinase with 2His1Glu1His. Furthermore, glutamate 
is predicted to be uninvolved in the coordination towards metal ion and replaced by 
the attendance of two water molecules. This metal ion coordination site locates near 
by a deep charged pocket as found in the quercetinase [20]. Unfortunately, there is 
no further explanation about this pocket residues such as the one on sequence of the 
quercetinase, The other absence result is the substrate specificity of the pirin which 




Fig. 7. The structure of E. coli pirin as deposited in pdb by 1TQ5. The N- terminal 
is in purple, the C-terminal is in green, the linker is in red, the cadmium is in 










A set of cloned fragments which stand for the genes of a specific organism 
is identified as DNA library. A book within a library can become an exemplification 
of it wherein reader should know the location and the manner to borrow the book. 
There are kinds of genomic library for any organisms or cDNA libraries for higher 
eukaryotes. Principally the source for making the artificial gene of both libraries are 
a little different. The genomic approach generates gene of organism DNA, while 
cDNA make use of mRNA and commonly pertain in the eukaryotic organism gene 
library composing. Genomic library of the whole DNA needs some time for the 
gene construction completion, because at first, the total DNA will be dissected into 
fragments of suitable size and the fragments will be cloned into some vectors. This 
method is known as shotgun cloning [29].  
Furthermore, this gene cloning to make a library is an important factor in 
research, forensic and clinical settings [57]. Reason of research is the engaged topic 
of this experiment as an assessment to make a fragmental genomic library for pirin-
like protein gene of Pseudomonas stutzeri strain Zobell (CCUG 16156) in order to 
get further analysis of the protein expression and characterization. Prior to the 
study, there is already a report of the gene draft genome as a portion of the whole 
genome shotgun which become the resemblance of the current gained gene. In spite 
of designing a gene amplification by referring to this reported genome, as the basis 
for assembling the gene fragment which will be cloned, the experiment decided to 
use gene version of pirin-like protein of the other Pseudomonas stutzeri strains. 
Thus, the experiment expectantly able to achieve sequence that will validate the 
registered one as a confirmation or contradiction of it and attain the precise whole 
sequence of the pirin. However, to reach a complete gene there are some cloning 
procedures to store some segments of the gene and also to compile all of the 
segments into a single clone. As previously mentioned of presentation of library, 
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this procedure try to find some chapters of a book, and then the whole chapter inside 
a book. 
In the beginning, a minor intermediate segment of the pirin-like protein gene 
will be elucidated, then there was a study to gain the extended complete one. The 
segment of the sequence of interest is gained by a regular PCR technique by using 
Pseudomonas stutzeri strain Zobell genom as the template; and forward and reverse 
primers which are designed based on the pirin-like protein of Pseudomonas stutzeri 
DSM 4166 and Pseudomonas stutzeri ATCC 17588 as the basis for polymerase 
amplification. The collected amplified gene fragment was cloned into vector and 
the recombinant cells were then growth and screened to get the most representative 
pirin gene segment within a cell. The concerned segment traversed some extended 
amplifications by implementing three kinds of methods to determine the adjacent 
nucleotide which are the sequences regions heading to N-terminus and C-terminus. 
The methods are hybridization experiment by DIG High Prime DNA Labeling and 
Detection Starter Kit I for delivering the probe and managing the hybridization, and 
randomly primed PCR method by DNA Walking SpeedUp Premix Kit II. 
The first method is implementation of colony hybridization. Sequence 
segment of the targeted pirin gene was processed to become the probe for the 
hybridization. There are two kinds of the hybridization procedures which were 
occupied, the one upon southern blot membrane and the one by colony 
hybridization [29]. Basically hybridization is a stable hybrid of base-pairing of two 
complementary polynucleotides. A gene segment which is proceed as a probe will 
affiliate to the complement gene segment within the hybridized gene containing 
membrane or colony. Southern blot transfers digested DNA molecules from an 
electrophoresis gel to a nitrocellulose or nylon membrane, thus it provides digested 
gene fragments upon a membrane which one comprises a segment of DNA 
exploited in constructing the probe [60]. The identified fragment containing the 
targeted DNA sequence can be isolated from another electrophoresis gel having 
analogous treatment as the previously blotted one. Then, the isolated gene was 
cloned into vector, and a subsequent hybridization over the colonies of the cloned 
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will detect the most appropriate cell which contain the gene fragment and suitable 
for sequencing as the verification for DNA library. 
Both procedures of hybridization were executed within this experiment by 
using DIG High Prime generated probe. This kit applies the digoxigenin principle 
in making the probes [58]. The method of digoxigenin labelling is comprised in 
DNA labelling by nonradioactive technique. The technique is a lot more save than 
the radioactive one which able to stimulate damaging cells over organisms. 
Actually, there are two other kinds of nonradioactive technique, the direct enzyme 
coupling and streptavidin-biotin. The direct system have to produce some varieties 
of probes for the hybridization. Thus, it is more expensive and suitable for 
maintaining a large scale of labeling than the experimental. The second system is 
simpler, but the biotin endogenous production of the target is difficult to achieve. 
Therefore, the experiment decided to apply the labelling system of digoxigenin 
which is easier to be endogenous produced and the steroid hapten can also be easier 
to be detected by the probe which provide a color detection [59].  
The second method is the genome walking strategy which is developed 
based on PCR techniques. The strategy aims to determinate a nucleotide sequences 
adjacent to a known region by using simpler method which able to overcome the 
time-consuming approach of screening genomic libraries over clones [62]. Thus, it 
is suitable to be implemented and compared to another method. This method is 
basically comparable to the RACE approach. The principle of RACE is combining 
an anchor sequence to the end of DNA that will be used as template for 
amplification. The primer for amplification is a universal primer complement to the 
anchor sequence and small portion of the gene segment. There are some strategies 
for the RACE implementation. The first is using homopolymeric tails which is 
attached to the DNA 3’end by deoxynucleotidyl transferase enzyme as the anchored 
sequence. The second is using a single-stranded sequence which is attached to the 
DNA 3’end by T4 RNA ligase as the anchored sequence. The third is using a 
double-stranded sequence which is attached to the 5’ and 3’ end region as the 
anchored sequence. The earlier two strategies are difficult to optimize because of 
inefficient enzymatic reactions. The third one is the most recent and applicable [61]. 
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A system of Seegene’s ACPTM (Annealing Control Primer) technology which is 
performed in DNA Walking SpeedUp Premix Kit II apply the third strategy of the 
RACE approach to overcome some problems in the application which is due to 
laborious steps of restriction enzyme digestion, adaptor ligation, purification 
procedures and unspecific annealed product. This kit was picked up due to the 
simple application which is implementing some steps of PCR from the most distant 
amplification to the shortest one by applying a designed primers of each step and 
each annealing position (3’ and 5’ region). The following scheme depict the process 
of the amplification [63].  
 
Fig. 7. DNA Walking by using Seegene’s DNA Walking ACPTM PCR 
Technology. The arrows indicate the primers. The nested primers (TSP 2 and 3) 
are designed to amplify an internal region of the first amplified product [63]. 
 
The first amplification uses primers designed based on the 3’ and 5’ regions 
of the identified minor segment of the pirin gene and the kit provided primers. The 
second and third ones use primers designed based on the gene sequence that is 
positioned between 3’ and 5’ genes region. Finally, the last amplification will give 
a lot more accurate sequence of the extended region over the identified segment. 
The ultimate results of the two implemented methods gave the whole precise 
pirin-like protein sequences as the previous reported draft genome confirmation or 
refutation. This gene of the whole sequence was cloned into a vector for storing the 
DNA library of the Pseudomonas stutzeri strain Zobell pirin-like protein.  
A succeeding cloning into other vectors was applied to express the protein, 
because this pirin protein is easier to be purified by the heterologous expression. 
There will be implementation of some vectors in order to get the optimum vector 
to express the most favorable refinement and capacity of the pirin protein. Thus, the 
experiment carried out two types of cloning, the one DNA library storage and the 
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one to get a recombinant in some variation of vector to achieve the best protein 
expression. However, the last type of cloning will be detailed in the third chapter. 
 
2.2.  Materials and Methods 
2.2.1. Materials 
The strain Zobell ATCC 14405 of Pseudomonas stutzeri originally isolated 
by Zobell from the Pacific Ocean [27] was obtained form ATCC. E. coli XL10-
Gold, BL21 (DE3), HST08 were purchased from Stratagene (U.S.A.), New 
England Biolabs (U.S.A.), and TaKaRa Biochemicals (Japan), respectively. 
Cloning vectors, pGEM-T Easy and pUC 18 were from Promega (U.S.A.), and 
TaKaRa Biochemicals, respectively. The kits used for the DNA cloning and 
sequencing was as follows DNeasy Blood &Tissue Kit, Qiaprep Spin Miniprep Kit, 
and QIAEX II Gel Extraction Kit (Qiagen, USA) for DNA purification, DNA 
Walking SpeedUp Premix Kit II (Seegene, U.S.A.) for genome walking, DNA 
ligation kit (TaKaRa Biochemicals) for ligation, DIG High Prime DNA Labelling 
and Detection Starter Kit II (Roche, Switzerland) for Southern hybridization, 
Thermo Sequence Primer Cycle Sequencing Kit (GE, Healthcare, U.S.A.) and 
BigDye Terminator v3.1 Cycle Sequencing Kit (Life Technologies, U.S.A.) for 
DNA sequencing. The restriction enzymes and DNA polymerases were from 
TaKaRa Biochemicals, TOYOBO (Japan), and Roche. 
 
2.2.2. Methods 
a. Preparation of a gene fragment coding for the pirin-like protein from  
 P. Stutzeri Zobell 
a.1. Cultivation of P. Stutzeri Zobell and purification of the genome  
P. Stutzeri Zobell cells were cultured aerobically at 37 oC on the medium 
containing 1.0% polypeptone, 0.2% yeast extract, 0.1% MgSO4.7H2O, pH 7.0. 
Aliquot of the cells cultured overnight in 5 mL medium were used for a genomic 
DNA purification with DNeasy Blood and Tissue Kit (Qiagen). The concentration 




a.2. Amplification of the gene fragment for pirin-like protein 
A pair of primers was designed based on the gene sequences for pirin-like 
protein of P. stutzeri DSM 4166 and P. stutzeri ATCC 17588. The gene fragment 
was amplified using primers, PsQrc-Fwd1 (5’-TAC ATGCTSGARGGICGNATG–
3’) and PsQrc-Rev1 (5’–CTGTTCATSTCRAASGGRCC–3’) and genomic DNA 
of P. stutzeri as templates. Three DNA polymerases (TaKaRa Tag, Blend Taq 
(TOYOBO), and PWO (Roch)) were tested for amplification with programs as 
follows. Each polymerases went through 25 cycles of temperature adjustment. The 
denaturation is 95oC for 5.5 min, the annealing is in a range of 50-56oC for 30 sec., 
and the elongation is 72oC for 7.5 min. The amplified fragment were separated by 
2% agarose gel electrophoresis and the DNA bands were purified using QIAEX II 
gel extraction kit (Qiagen). 
 
a.3.  Cloning and sequencing of the amplified DNA fragment 
The purified pirin gene fragment was ligated into pGEM®-T Easy vector 
by TA-cloning method. E. coli XL10-Gold competent cells were then transformed 
with the plasmids by electro-poration (Micropulser transformation apparatus, 
BioRad (U.S.A.)). The α-complementation (blue/white selection) was applied on 
screening of the transformed cells grown on LB plate supplemented with 0.29 mM 
ampicillin, 0.5 mM IPTG, 0.2 mM X-gal. The plasmid was isolated from the 
positive transformant by QIAprep Spin Miniprep Kit (QIAGEN). The isolated 
plasmid was then digested by EcoRI restriction enzymes to detect the cloned gene 
fragment by electrophoresis. Fig. 8. Provides the pGEM-T Easy vector map with 
the cloning site.  
 
Fig. 8. pGEM®-T Easy Vector Map from the supplier’s manual 
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The plasmids with the gene fragment were sequenced by dideoxy-chain 
termination method with Thermo Sequence Primer Cycle Sequencing Kit (GE 
Healthcare) using M13(-21) (M13-forward) which is 5’-TGTAAAACGACGGCC-
AGT-3’ and M13 RV-N (M13-reverse) which is 5’-CAGGAAACAGCTATGAC-
3’ primers. The PCR program was 25 cycles of 1 min. in 95oC for denaturation, 30 
sec. in 55oC for annealing and 1 min. in 72oC for elongation. The DNA sequence 
was determined by HITACHI SQ-5500E DNA sequencer, and the data was 
analyzed by GENETYX-Max ver. 8.0.  
 
b. Cloning of the genomic DNA fragment containing whole gene for the  
 pirin-like protein 
b.1. Southern hybridization and Shotgun cloning  
b.1.1. Detection of the target sequence location on the electrophoresis gel 
DIG-labeled nucleotide probe was made with DIG-High Prime DNA 
Labelling and Detection Starter Kit II (Roche) using M13 primers and pirin gene 
fragment as a template. The random-priming labelling reaction was performed 
according to the supplier’s instruction. 
Prior to the southern blot hybridization, genomic DNA of P. stutzeri Zobell 
was separately single digested by 5 kinds of sticky-ends restriction endonucleases, 
BamHI, EcoR1, SalI, HindIII or SacI, and double digested by blunt-end restriction 
endonucleases that is SmaI and EcoRV. The digested DNA were separated by 1% 
agarose gel electrophoresis. After alkaline-denaturation of the DNA with 0.5 M 
NaOH, 1.5 M NaCl solution for 15 min. Then, the bands were transferred to the 
nitrocellulose membrane for overnight by the blotting apparatus (Fig. 14.). The 
blotted membrane was baked at 80° C for 2 hours in vacuo for DNA fixation and 
incubated for 1 hour in the hybridization solution containing blocking reagent at 
42°C. Next, the membrane was incubated overnight with the probe in a 






b.1.2. DNA target determination based on the previous location detection 
A similar digested genome by EcoRI and SalI was separated by 1% agarose 
gel electrophoresis. Next, the gel was implement into some steps of southern blot. 
First, it was soaked into H2O and shaken slowly on a platform shaker for 2 x 10 
min. at RT. The H2O was discarded and replaced by denaturation solution (1.5 M 
NaCl and 0.5 M NaOH) for another 30 min. shaking. Then the gel was washed and 
soaked in neutralization solution (1.5 M NaCl and 0.5 M Tris∙Cl with pH 7.0) by 
shaking until blue color performed. The gel was used for O/N southern blotting as 
Fig. 9 apparatus arrangement for getting the digested genome prototypes. The 
prototypes of the blotted digested genome upon the southern blotting membrane 
was washed briefly in 2xSSC, air dried and baked at 80°C for 2 h under vacuum for 
DNA fixation. The fixed DNA over the membrane was hybridized as follows. 
Firstly, the probe was denatured by boiling for 5 min. and rapidly cooled in ice, 
then combined into DIG Easy Hyb (3.5 ml/100 cm2 membrane). Meanwhile, a 
different DIG Easy Hyb (10 ml/100 cm2 filter) was preheated to hybridization 
temperature (42°C), and the membrane was soaked in for 1 h with gentle agitation. 
Subsequently, the DIG Easy Hyb solution was replaced by the prepared DNA probe 
solution and incubated in 42°C O/N by gentle agitation. The hybridized membrane 
was then treated with anti-DIG antibody AP conjugate, and the positive bands were 
immunologically detected by the blue-dye formation with nitroblue tetrazolium and 
BCIP.  
 




The genomic DNA fragment corresponding to the positive bands were 
purified with QIAEX II gel extraction kit and ligated into pUC18 vector to construct 
a DNA library. E. coli HST08 cells were transformed with the resultant plasmids 
and screened by colony hybridization.  
In the case of colony hybridization, colonies grown on the nitrocellulose 
filter was alkaline-lysed, neutralized, and baked in vacuo as mentioned above. After 
washing the filter with hybridization solution, southern hybridization and 
immunological detection was performed as above. 
Confirmation of the pirin-like protein gene was done by PCR with the 
primer sets PsQrc-Fwd1 and PsQrc-Rev1, PsQrc-Fwd1 and M13 RVN, PsQrc-
Fwd1 and M13(-21), PsQrc-Rev1 and M13 RVN, and PsQrc-Rev1 and M13(-21). 
The nucleotide sequence of the primers are 5’-TACATGCTSGARGGICGNATG–
3’ for PsQrc-Fwd1, 5’–CTGTTCATSTCRAASGGRCC–3’ for PsQrc-Rev1, 5’-
CAGGAAACAGCTATGAC-3’ for M13 RVN, and 5’-TGTAAAACGACGGCC-
AGT-3’ for M13(-21). 
 
b.2. Genome walking  
Whole DNA sequence of the pirin-like protein was determinded by genome 
walking method with DNA Walking SpeedUp Premix Kit II (Seegene). PCR-based 
DNA walking reaction was performed according to the supplier’s manual using an 
annealing control primer and a target specific primer and genomic DNA as a 
template (See section b.2.1). The amplified gene fragments were analyzed by 
Southern hybridization as described above and cloned into pGEM-T Easy vector. 
The nucleotide sequence of the fragments were determined by Applied Biosystem 
3130 genetic analyzer using BigDye Terminator v3.1 Cycle Sequencing Kit (Life 
Technologies). 
 
b.2.1. Genomic DNA amplification 
As detailed in Fig. 12, the applied enzymes of the amplification can be the 
ones which were already available (DW2-ACP, DW2-ACPN and UniP2) and the 
ones which should be made based on the gene template (three kinds of forward and 
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reverse primers of TSP1, TSP2 and TSP3). Thus, the first step was designing the 
three primers for each direction. The reverse primers consist of reverse TSP1 5'-
CTGTTCATSTCRAASGGRCC-3’, TSP2 5’-GTACTGCACGATGGGTTCTCT-
CAG-3’ and TSP3 5’-CAGCGCGCCCTCGTATACATA-3’. Forward primers 
consist of forward TSP1 5'-TACATGCTSGARGGICGNATG-3’, TSP2 5’-CACGA-
GGATCACATGGGCAACGTC-3’, and TSP3 5’-TTCCAGCTGTGGCTGAACC-
TG-3’. These primers was used for the three steps of PCR as follows. 
 
First PCR: 
DNA     = 2,1 µL 
DW2-ACP  ( 1 / 2  / 3 / 4) = 2 µL              there are 8 modification (1F, 1R, 2F, 2R, 
TSP 1 (F / R) = 0.5 µL  3F, 3R, 4F, 4R) 
H2O    = 5.4 µL 






The first PCR product was then purified by Supradex G25. 
Second PCR: 
Purified first PCR  = 3 µL 
DW2-ACPN    = 2 µL   
TSP 2 (F / R)  = 1 µL  
H2O   = 4 µL 
ACP master mix = 10 µL   
The product was not purified but 100 fold diluted and used in the third PCR. 
Third PCR: 
Second PCR product  = 2 µL 
UniP2   = 1 µL   
TSP 3 (F / R)  = 1 µL   
H2O   = 6 µL 
ACP master mix = 10 µL   
94oC 42 oC  72 oC 94oC 55oC 72oC      72oC      4 oC 
5min 1 min 2 min 30sec 30sec 100sec    7min      ∞ 
 
                                  30 cycles 
94oC 94oC 60oC 72oC      72oC      4 oC 
3min 30sec 30sec 1.5min    7min      ∞ 
 
           35 cycles 
94oC 94oC 60oC 72oC      72oC      4 oC 
3min 30sec 30sec 1.5min    7min      ∞ 
 
           30 cycles 
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2.3.  Result and Discussion 
2.3.1. Achieving a segment of Pseudomonas stutzeri Zobell pirin gene 
The gel electrophoresis of genome amplification by implementing primers 
which are designed based on the other Pseudomonas pirin genes; and varying the 
polymerase and annealing temperature is figured out in Fig. 10.  
 
    
 
Annotation: 
 1. marker (500, 600, 700, 800 bp) 
 2. amplification by PWO polymerase at 50.8oC 
 3. amplification by PWO polymerase at 51.6oC 
 4. amplification by PWO polymerase at 52.4 oC 
 5. amplification by PWO polymerase at 53.2 oC 
 6. amplification by PWO polymerase at 54 oC 
 7. amplification by PWO polymerase at 54.8 oC 
 8. amplification by PWO polymerase at 55.6 oC 
 9. amplification by taq polymerase at 50.8oC 
10. amplification by taq polymerase at 51.6oC 
11. amplification by taq polymerase at 52.4 oC 
12. amplification by taq polymerase at 53.2 oC 
13. amplification by taq polymerase at 54 oC 
14. amplification by taq polymerase at 54.8 oC 
15. amplification by taq polymerase at 55.6 oC 
16. amplification by blend taq polymerase at 50.8oC 
17. amplification by blend taq polymerase at 51.6oC 
18. amplification by blend taq polymerase at 52.4 oC 
19. amplification by blend taq polymerase at 53.2 oC 
20. amplification by blend taq polymerase at 54 oC 
21. amplification by blend taq polymerase at 54.8 oC 
22. amplification by blend taq polymerase at 55.6 oC 
23. marker (500, 600, 700, 800 bp) 
 
 
Fig. 10. Gel electrophoresis of the amplified genome with a variation of 
polymerase and annealing temperature. 
 
The electrophoresis result of the amplification showed numerous amplified 
gene segments and some un-amplified spaces over the varied conditions. The 
amplification should yield a segment with a nucleotide size of approximately 700 
bp. Thus, the segments on the electrophoresis gel which have the most intensity and 
correct nucleotides base pair (red circled in Fig. 10) was decided to be purified from 
the gel and applied in the cloning by pGEM®-T Easy vector. This segment is a 
segments upon taq polymerase amplification by annealing temperature of 50.8°C  
1    2   3    4   5   6    7    8    9  10  11 12  13  14  15 16  17 18  19  20  21 22 23 
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The clones were screened to discover the one which contain the amplified 
segments of the pirin gene. The screening was done by randomly selecting six white 
colonies for ligated segments detection by applying EcoR1 digestion. Fig. 11. give 
the electrophoresis of the digested plasmid of the six colonies. All the colonies seem 
to have the ligated pirin gene segment which is around 700 bp. Thus all of them 
was amplified by M13 forward primer for sequence and homology compared to the 
pirin gene of Pseudomonas stutzeri strain DSM 4166 and ATCC 17588. The 
sequence homology give an indication that colony 1, 2, and 5 have better similarity 
(59.2%; 51.2%; 70.5% respectively) than colony 3, 4, and 6 (44.2%; 40.1%; 44.8% 
respectively). The advance sequence and homology toward colony 1, 2, and 5 gene 
which are amplified by M13 forward and reverse primers display a similarity result 
as follows. The similarity of forward primer amplified genes were 66.6 % for 
colony 1, 67.8 % for colony 2, and 63.6 % for colony 3. The similarity of reverse 
primer amplified genes were 72.6 % for colony 1, 74.1 % for colony 2, and 74.3 % 
for colony 3. Due to the possessed high similarity of colony 2, so the presented 
sequence of this colony was manually evaluated to determine a firm DNA sequence. 
The sequence was appointed as the Pseudomonas stutzeri strain Zobell pirin gene 
segment (Fig. 12) and its DNA library was stored within pGEM®-T Easy vector. 
 
         
  
 
Fig. 11. Electrophoresis of the digested plasmids of the six colonies. 










1. marker  
   (600 and 800 bp) 
2. colony 1 
3. colony 2 
4. colony 3 
5. colony 4 
6. colony 5 
7. colony 6 
8. marker  
    (600 and 800 bp) 














Fig. 12. The nucleotide sequences of the gained Pseudomonas stutzeri strain 
Zobell pirin gene segment 
 
2.3.2. Extending the whole sequence of Pseudomonas stutzeri strain Zobell  
 pirin Gene 
The broadening gene sequence was commenced by constructing a probe to 
detect the occurrence of the previously secured segment of Pseudomonas stutzeri 
strain Zobell pirin gene within some cloned genes achieving by carrying out of the 
two strategies, the cloning hybridization and the genome walking. The probe which 
was the DIG High Prime DNA Labeling and Detection Starter Kit I treated gene of 
the conveyed segment, was initially efficiency analyzed prior to the application. 
Fig. 13. depicts a membrane of the probe efficiency recognition which was the 




Fig. 13. The immunological membrane outcome of the determination labelling 
efficiency toward the DIG High Prime DNA Labeling and Detection Starter Kit I 
probe constructed. C is the spot of the kit provided control DNA, 1 to 8 are the 
series of the diluted probe with concentration were 10 pg/µL, 3 pg/µL, 1 pg/µL, 
0.3 pg/µL, 0.1 pg/µL, 0.03 pg/µL, 0.01 pg/µL, and 0 pg/µL respectively. 
 
  1' TACATGCTCGAGGGGCGAATGCGCCACGAGGATCACATGGGCAACGTCGGGCGGCTGGAA  
 61' AGCGGCGGTGTGCAGTGGATGACCGCAGCACGCGGTGTGATCCACAGCGAAATGCCGGAG  
121' CAGGAGGAAGGCCTCATGCGCGGCTTCCAGCTGTGGCTGAACCTGCCCGCCCACGCCAAG  
181' CTCGGAGAGCCGGGTTACCGCGACTTCGCACCTGCAGAGATTCCCCAGGTGCGCCTCGAA  
241' AACGGCGTACGGGCCAAGGTCATCGCCGGAACATTGAAGGCGGAAGGCATCGAGCACCAA  
301' GGCGTCGTGCAGCGGCCCGATACCGAGCCCCAGCTATTCGATCTGCACTTGCCCGCCGGT  
361' AGCACGTTCTCGCCGCAGATCCCGGACGGCCACCTGTTGTTGCTCTATGTATACGAGGGC  
421' GCGCTGCAGGTCGGCGATCAGCCGGTCGGCAAGGGCCAGCTGGTGCGCCTGTCCGAACAG  
481' GGTGAGCTGCAATTACACAGCGAGACCGGCGCACGATCGATGCTGCTCGCCGGCCGACCG  
541' CTGAGAGAACCCATCGTGCAGTACGGCCCMTTCGACATGAACAG  
 
C        1          2          3        4 
5        6          7          8         
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 The spot of 3 pg/µL appeared within 30 minutes after subtraction into color 
solution. It means that the labelled DNA (probe) has reached the expected labeling 
efficiency with approximately 2 µg of the pirin gene segment has been synthesized 
into a labeled DNA. Accordingly, the probe is appropriate to be utilized in the 
further analysis of hybridization.   
The first hybridization was managed on southern blot membrane containing 
Pseudomonas stutzeri genome which was separately sticky-ends digested by SacI, 
HindIII, SalI, BamHI or EcoR1, or double digested by EcoRV and SmaI. The blunt-
ent double digestion was a strategy in order to prevent a self-ligation. The southern 
blot membrane was a duplication of the electrophoresed digested genome as Fig. 
14. All of the DNA inside the gel of electrophoresis was able to be transferred to 





Fig. 14. Gel electrophoresis of the genome which were single digested by SacI 
(1), HindIII (2), SalI (3), BamHI (4) or EcoR1 (5) or double digested by EcoRV 




The result of the hybridization onto the southern blot membrane is on Fig. 
15. All of the digested genomes have DNA fragments which contain the previously 
secured segment of Pseudomonas stutzeri strain Zobell pirin gene. This is indicated 
by the positive immunological detected bands appearance upon the lines of each 
electrophoresed digested genome. However, only two digestion strategies were 
executed in the next steps of cloning. These are the digestions by SalI and EcoRI 
restriction enzymes. The SacI is omitted because of its low intensity of immunology 
detected band. The HindIII and BamHI are also neglected due to the large size of 
the detected band of the nucleotides. The double digestion of blunt-end restriction 
enzymes also show a big size of DNA fragment. The digested fragment containing 
the gained segment of the pirin gene will be ligated into a vector, so the fragment 
nucleotide size should not be too large to be bound to the plasmid vector. 
 
 
Fig. 15. Southern blot membrane containing the digested Pseudomonas stutzeri 
strain Zobell genomes with the existence of the immunological detection after 
hybridization by using the prepared probe. The performed membrane annotations 
are single digested by SacI (1), HindIII (2), SalI (3), BamHI (4) or EcoR1 (5) or 





Fig. 16. The electrophoresis of Pseudomonas stutzeri Zobell genome and pUC18 
plasmid which were digested by EcoRI and SalI restriction enzymes. The digested 
fragments which were shielded by the rectangular were the gene which will be gel 
extracted for the next step of ligation.  
 
An enhance digestion based on the result of hybridization was maintained 
by SalI and EcoRI restriction enzymes. The digestion was purposed to prepare the 
ligated gene and the vector of the ligation. Therefore, Pseudomonas stutzeri strain 
Zobell genome (ligated gene) and pUC18 plasmid (vector) were digested by both 
enzymes. Fig. 16. provides the electrophoresis image of the digested genes. The 
digested vector was treated by 1µL alkaline phosphatase and successively incubated 
in 37°C for 15 min. and 65°C for 5 mnt. Both vector and genome were 
electrophoresed in 1% agarose prior to the extraction by QIAEX II gel extraction 
kit. The genomes have smear appearance of digestions. Therefore, the gel extraction 
target of the gene was decided based on the calculation of the position of the pirin 
fragment above the hybridization membrane. In the other hand, the vector plasmids 
were entirely digested by the enzyme.  
Thus, there are two ligation of Pseudomonas stutzeri Zobell genom (insert) 
and PUC18 (vector) which are the one digested by EcoR1 and the one digested by 
Sal1. Each combination consist of 0.5 µL vector, 4.5 µL insert and 5 µL ligation 






EcoR1 digested genom 
 




EcoR1 digested PUC18  
SalI digested PUC18 
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into Takara HST08 competent cells by electroporation. The blue/white selection of 
transformed cells were maintained by means of LB medium of ampicillin, IPTG 
and XGAL. White colonies were pick up and transfer into LB plate medium with 
ampicillin and the replica upon filter paper which is set on top of LB plate medium 
with ampicillin. Both colonies was growth O/N at 37°C.  The LB medium with 
ampicillin was became the original colony and the replica membrane paper was 
baked at 80° C for 2 h under vacuum for DNA fixation. Next, the paper was applied 
in hybridization and immunological detection (as previously detailed). 
 
Fig.16. LB ampicillin medium with transformed cells (A), LB ampicillin medium 
having the transferred white colonies (B) and its replica upon filter paper (C) 
 
The ligation of the vector and the pirin gene fragment was successfully 
constructs some clones, such as depict as white colonies in Fig. 16 (A). There were 
screening over the clones to detect the occurrence of the pirin gene fragment by the 
second step of hybridization which is the cloning one. The hybridization objects 
were the clones over the membrane as in Fig. 16 (C) and the replica of it which is 
the Fig. 16 (B) will be kept for cells restoration if a positive screening was found. 
The immunological detection of the hybridized membrane is on Fig. 17. The 
occurrence of a stained band on the replica membrane means that a cell which is 
represented by the replica was the cell in where the pirin gene is cloned.  
The plasmid was then used for amplification by a variation of primers as 
mentioned in Fig. 18. Unfortunately, there was no pirin gene fragment detected on 
the amplified gene, instead of the appearance of a larger DNA fragment. This DNA 
fragment possibly is the digested plasmid of the vector which is ligated into another 
digested plasmid (self-ligation). The self-ligation is commonly found on a ligation 
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by using genes having sticky-ends. The produced sticky-ends of an identical genes 
are easier to get attach compare to the chance over different ones [64]. However, 
the cell of this self-ligation was performing a positive screening result by 
hybridization. The reason of this aspect was built based on the chance of vagueness 
in fluorescence signaling as a result of probe degradation and/or un-intended 
binding of probes to certain protein within the colony which induce a color 
formation [65]. Lastly, the amplification which was using the designed primers of 
the pirin gene able to amplify a certain area over the self-ligation plasmid which 
possibly cause by the competence of the primers to recognize a certain area of the 
digested vector to perform amplification. 
 
 
Fig. 17. The immunological detection result of the colony hybridized membrane. 




Fig. 18. Gel electrophoresis of the gene amplification toward the plasmid which is 
predicted to contain the pirin gene fragment. The amplification of the plasmid was 
maintained by the following primers arrangement (a) PsQrc-Fwd1 and PsQrc-
Rev1, (b) PsQrc-Fwd1 and M13RVN, (c) PsQrc-Fwd1 and -21M13, (d) PsQrc-











Because of the failed result of cloning hybridization, then the genome 
walking was taken. The genome walking was managing a series of gene 
amplification with some designed primers and some kit provided primers. The Fig. 
19 is the result of the electrophoresis of the amplified products after the last step of 
PCR. The electrophoresis gel give some clear fragment of the amplified gene, so it 
was suitable to be transferred into southern membrane blot. The membrane was 
then implemented in the hybridization by using the previous probe of DIG High 
Prime Labelling. Fig. 20. describes the hybridized membrane with PCR system no. 
5 and 8 has given the best performance of pirin gene fragment detection (the lower 
gene fragment of both). Both system comprised the demand of the pirin gene 
extension to the 3’ and 5’ regions, because the system no. 5 used the composition 
of forward TSP which direct the amplification toward the C-terminus and the 
system no 8 used the composition of reverse TSP which direct the amplification 
toward the N-terminus. The combination of the fragment of the two system will 
provide a complete gene of the pirin, lining form the 5’ to 3’. 
Based on the result of electrophoresis, hybridization and immunological 
detection, an advance genome amplification was performed by using the primers 
composition of the PCR system no. 5 and 8 which are details as follows. The system 
no. 5 applied DW2-ACP3 and forward TSP1 as the primers for the first PCR; DW2-
ACPN and forward TSP2 as the primers for the second PCR; and UniP2 and TSP3 
as the primers for the third PCR. The system no. 8 applied DW2-ACP4 and reverse 
TSP1 as the primers for the first PCR; DW2-ACPN and reverse TSP2 as the primers 
for the second PCR; and UniP2 and TSP3 as the primers for the third PCR. The 
product of the last PCR of the two systems were electrophoresed and the fragments 
were separately extracted from the gel and ligated into pGEM®-T Easy vector. The 
ligations were transformed into XL10-Gold for screening of the pirin fragment. In 
this case, there are two kinds of clones which should be screening, the ones with a 
ligated gene which was amplified by following no.5 of the PCR system (will be 
further called as Cpro) and the ones with a ligated gene was amplified by following 














Fig. 19. The electrophoresis result of the genome amplification by three step of 
PCR. The annotated DW2-ACP X is the kit provided primer for the first step of 
PCR with X is the order the of the primer, TSP1 is the designed primer for the 
first step of PCR, TSP2 is the designed primer for the second step of PCR, and 
TSP3 is the designed primer for the third step of PCR. 
 
 
Fig. 20. The immunological detection of the hybridized blot membrane. The 
annotation and the used primers are identical to the ones on Fig. 26 with an absent 
M2 as the DNA ladder. 
Annotation: 
The amplification applied DW2-ACP X and TSP1 for the first PCR, DW2-ACPN and 
TSP2 for the second PCR, and UniP2 and TSP3 for the third PCR. The presented number 
on the top of the gel was a separately PCR system with primers combination of the three 
steps of PCR by omitting DW2-ACPN and UniP2 which were applied in every system 
1 : combining DW2-ACP 1 and forward TSP1, TSP2, TSP 3 
2 : combining DW2-ACP 1 and reverse TSP1, TSP2, TSP 3 
3 : combining DW2-ACP 2 and forward TSP1, TSP2, TSP 3 
4 : combining DW2-ACP 2 and reverse TSP1, TSP2, TSP 3  
5 : combining DW2-ACP 3 and forward TSP1, TSP2, TSP 3 
6 : combining DW2-ACP 3 and reverse TSP1, TSP2, TSP 3 
7 : combining DW2-ACP 4 and forward TSP1, TSP2, TSP 3 
8 : combining DW2-ACP 4 and reverse TSP1, TSP2, TSP 3 




       1 TCTCNNCTNN NGCGATCTNG GCCCGACGTC GCATGCTCCC GGCCGCCATG GCGGCCGCGG 
     61 GAATTCNATT TTCCAGCTGT GGCTGAACCT GCCCGCCCAC GCCAAGCTCG GAGAGCCGGG 
    121 TTACCGCGAC TTCGCACCTG CAGAGATTCC CCAGGTGCGC CTCGAAAACG GCGTACGGGC 
    181 CAAGGTCATC GCCGGAACAT TGAAGGCGGA AGGCATCGAG CACCAAGGCG TCGTGCAGCG 
    241 GCCCGATACC GAGCCCCAGC TATTCGATCT GCACTTGCCC GCCGGTAGCA CGTTCTCGCC 
    301 GCAGATCCCG GACGGCCACC TGTTGTTGCT CTATGTATAC GAGGGCGCGC TGCAGGTCGG 
    361 CGATCAGCCG GTCGGCAAGG GCCAGCTGGT GCGCCTGTCC GAACAGGGTG AGCTGCAATT 
    421 ACACAGCGAG ACCGGCGCAC GACTGATGCT GCTCGCCGGC CGACCGCTGA GAGAACCCAT 
    481 CGTGCAGTAC GGTCCGTTTG TGATGAATAG CCGCGAGGAG GTCGAGCAAG CGCTGCGGGA 
    541 TTTTCGCGAT GGGACACTGG CCTGACCGGA GCAGATCGGC GCGCGCCACC AGCGTGGCCT 
 
Fig. 21. The nucleotide sequence of the Cpro clones which was previously 
amplified by M13 (-21) primer. The underlined are the sequences of the pirin gene 
lining from the unclear sequenced nucleotides to the stop codon. 
 
There were three level of screening. The first was by blue/white colonies 
selection. The second was by EcoR1 digestion over the plasmid of the two kinds of 
clones. The electrophoresis of the digested plasmids of both clones were able to 
confirm the occurrence of the ligated gene with correct size of nucleotides. The 
third screening was the sequence of both clones. The nucleotides sequence of the 
Cpro which was previously amplified by M13 (-21) primers is depicted in Fig. 21. 
While the sequences of the Npro which was amplified by reverse TSP3 (there was 
no enough sequence to be analyzed when the amplification was maintained by M13 
primers) is depicted in Fig. 22. 
 
    1  CGTACGCCGT TTTCGAGGCG CACCTGGGGA ATCTCTGCAG GTGCGAAGTC GCGGTAACCC 
    61  GGCTCTCCGA GCTTGGCGTG GGCGGGCAGG TTCAGCCACA GCTGGAAGCC GCGCATGAGG 
   121  CCTTCCTCCT GCTCCGGCAT TTCGCTGTGG ATCACACCGC GTGCTGCGGT CATCCACTGC 
   181  ACACCGCCGC TTTCCAGCCG CCCGACGTTG CCCATGTGAT CCTCGTGGCG CATCCGCCCT 
   241  TCGAGCATAT AGGTGATGGT TTCGAAACCT CTATGCGGGT GCGGCGGGAA GCCGGCGATG 
   301  TACTCTTCCG GATCGTTCGA GCCGAACTCG TCGAGCATCA GAAAAGGGTC GAAACGCTCC 
   361  GGTGCTACGC CGCCGAAAAC ACGTGTCAGA CTGACGCCAG CGCCATCGGA TGTAGGCCGG 
   421  CCGGTCGTGA TGGATAGAAT TTCCCGTTGG GCCATGATCG AGGCCTCCTG ATTGAATGTC 
 
Fig. 22. The reverse nucleotide sequence of the Npro clones which was previously 
amplified by reverse TSP3 primer. The underlined are the sequences of the pirin 





The sequence results of the 3’ and 5’ regions were homology examined at the 
website of National Center of Biotechnology Information 
(http://blast.ncbi.nlm.nih.gov/blast/Blast.cgi) to the pirin gene segment sequence. 
Both regions having the most similar gene to the pirin gene segment were compiled 
and determined as the whole pirin gene sequence. Both sequences were then 
manually combined to observe the complete nucleotides and amino acid sequences 
of the Pseudomonas stutzeri strain Zobell pirin-like protein. The whole sequences 
are performed in Fig. 23. This newly gained sequence was then homology 
compared to the reported draft genome of the pirin-like protein. The homology 
indicated 100% similarity of both sequences, so the current experiment become the 
verification of the Pseudomonas stutzeri strain Zobell pirin-like protein sequence.  
 
atggcccaacgggaaattctatccatcacgaccggccggcctacatccgatggcgctggc 
 M  A  Q  R  E  I  L  S  I  T  T  G  R  P  T  S  D  G  A  G  
gtcagtctgacacgtgttttcggcggcgtagcaccggagcgtttcgacccttttctgatg 
 V  S  L  T  R  V  F  G  G  V  A  P  E  R  F  D  P  F  L  M  
ctcgacgagttcggctcgaacgatccggaagagtacatcgccggcttcccgccgcacccg 
 L  D  E  F  G  S  N  D  P  E  E  Y  I  A  G  F  P  P  H  P  
catagaggtttcgaaaccatcacctatatgctcgaagggcggatgcgccacgaggatcac 
 H  R  G  F  E  T  I  T  Y  M  L  E  G  R  M  R  H  E  D  H  
atgggcaacgtcgggcggctggaaagcggcggtgtgcagtggatgaccgcagcacgcggt 
 M  G  N  V  G  R  L  E  S  G  G  V  Q  W  M  T  A  A  R  G  
gtgatccacagcgaaatgccggagcaggaggaaggcctcatgcgcggcttccagctgtgg 
 V  I  H  S  E  M  P  E  Q  E  E  G  L  M  R  G  F  Q  L  W  
ctgaacctgcccgcccacgccaagctcggagagccgggttaccgcgacttcgcacctgca 
 L  N  L  P  A  H  A  K  L  G  E  P  G  Y  R  D  F  A  P  A  
gagattccccaggtgcgcctcgaaaacggcgtacgggccaaggtcatcgccggaacattg 
 E  I  P  Q  V  R  L  E  N  G  V  R  A  K  V  I  A  G  T  L  
aaggcggaaggcatcgagcaccaaggcgtcgtgcagcggcccgataccgagccccagcta 
 K  A  E  G  I  E  H  Q  G  V  V  Q  R  P  D  T  E  P  Q  L  
ttcgatctgcacttgcccgccggtagcacgttctcgccgcagatcccggacggccacctg 
 F  D  L  H  L  P  A  G  S  T  F  S  P  Q  I  P  D  G  H  L  
ttgttgctctatgtatacgagggcgcgctgcaggtcggcgatcagccggtcggcaagggc 
 L  L  L  Y  V  Y  E  G  A  L  Q  V  G  D  Q  P  V  G  K  G  
cagctggtgcgcctgtccgaacagggtgagctgcaattacacagcgagaccggcgcacga 
 Q  L  V  R  L  S  E  Q  G  E  L  Q  L  H  S  E  T  G  A  R  
ctgatgctgctcgccggccgaccgctgagagaacccatcgtgcagtacggtccgtttgtg 
 L  M  L  L  A  G  R  P  L  R  E  P  I  V  Q  Y  G  P  F  V  
atgaatagccgcgaggaggtcgagcaagcgctgcgggattttcgcgatgggacactggcc 
 M  N  S  R  E  E  V  E  Q  A  L  R  D  F  R  D  G  T  L  A  
tga 
 -  
 
Fig. 23. The nucleotides sequences of the pirin gene (written in lowercase) and the 
translated amino acid sequences of the pirin protein (written in uppercase). 
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In order to make a DNA library of the pirin gene, then the whole gene of the 
pirin was ligated into pGEM®-T Easy Vector. Prior to the ligation, there should be 
a complete gene fragment (not in a separate direction as in Npro and Cpro), so the 
genome was amplified by primers which were designed based on the N-terminus 
and C-terminus sequences and also digestion site of certain restriction enzymes (so 
the ligated fragment will be easily extracted from the clone), in this case is BamHI 
and HindIII site. The primers are Qurc_Nterm-Bam(+) (5’-CGGGATCCGCCCAA-
CGGGAAATTCTA-3’) which was designed based on 5’prime region plus a BamHI 
restriction site a Qurc_Cterm-Hind(-) (5’–CCCAAGCTTTCAGGCCAGTGTCCC-
AT-3’) which was designed based on 3’prime region plus a HindIII restriction site. 
The amplified genome by both primers was then electrophoresed and purified. 
Thus, it can be ligated into the vector. The ligation was transform into XL10-Gold 
cells. The pirin gene occurrence within the vector was confirmed by sequence of 
the clone plasmid. Finally, the Pseudomonas stutzeri strain Zobell pirin gene library 
was accomplished. 
 
2.4.  Conclusion 
At the beginning of the experiment, a segment of Pseudomonas stutzeri 
strain Zobell pirin gene was able to be obtained and cloned into pGEM®-T Easy 
Vector. The gene segment was extended by two methods which were colony 
hybridization by DIG High Prime DNA Labelling and Detection Starter Kit I; and 
genome walking by DNA Walking SpeedUp Premix Kit II. The last method has 
able to deliver a complete genome sequence of the pirin gene. The comparison of 
the obtained sequence and the reported draft genome is 100% identical, thus, the 
current experiment was turned out to be the validation of the draft. The complete 
gene of the pirin was then ligated into pGEM®-T Easy Vector as a genome library 







PROTEIN EXPRESSION AND PURIFICATION 
 
3.1 Introduction 
For the study of the enzyme at molecular-biology level, it is necessary to 
construct a heterologous expression system of the recombinant protein. It is 
important to note that the expression will not inflict any harmful effect toward the 
host growth, produce any inclusion body, and/or inactivate or suppress the protein 
production. Thus, there should be a deep consideration in deciding the expression 
system, mainly for vector to bring out the pirin gene and cell to become the host of 
the protein expression [66].  
It is selectable for expressing the protein within the cell cultures of bacteria, 
fungi, and even plants or animals [32]. Bacterial host can support an efficient small 
scale protein production than the other hosts, and due to its common use as a host 
for protein production, there are more supporting reports or developed technologies 
to overcome the problems. Additionally, bacteria are simpler to be grown and more 
environmentally friendly than the other protein expression system [1, 31]. For the 
heterologous expression of quercetinase, only two examples were reported about 
the recombinant enzymes of Streptmyces sp. FLA and Bacillus subtilis expressed in 
E. coli as far as I know. 
Justified by these verities, I selected bacteria as the host for the pirin-like 
protein expression, specifically, the E. coli and Brevibacillus expression system that 
utilize plasmids for introducing the pirin-like gene into the cells. The reasons for 
using E. coli as host is as follows. 
Many experiments of heterologous protein expression employ E. coli which 
is proven to provide a high protein yield and adequate to be analyzed.  Moreover, 
E. coli has advantages for quick growth, rapid expression, inexpensive and easy 
made culture, and simple transformation. E. coli has incomparable fast growth in 
glucose-salts medium with an optimal condition for cultivation. The doubling time 
of the cell is reached within 20 min., so the cells of 1/100 dilution over the seed-
culture able to reach stationary phase within several hours, consequently expression 
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of the recombinant protein can be achieved within a short time. This host is also 
suitable for the accommodation for many kinds of plasmids.  
Another host used for the expression of pirin-like protein is Brevibacillus 
choshinensis. This bacterium used to be classified in the genus Bacillus [67]. In this 
manner, the preference of Brevibacillus usage in the protein expression are referring 
to the Bacillus, which secretes protein extracellularly.  In spite of this, Brevibacillus 
is not as common as E. coli in the protein expression application, but it gain an 
attention because of its ability in secreting the protein into the culture medium with 
free extracellular proteases and endotoxins, so the protein is protected from being 
degraded and in a relatively pure state with a correct folding, solubility and activity. 
Moreover, the protein expression can be enhanced by modification of secretion 
signal sequence [68]. There is a commercial protein expression kit (Brevibacillus 
Expression System, BIC system) provided by Takara Biochemicals. The kit delivers 
four kinds of expression plasmids with different secretion signal coding sequences. 
The secretion signals of each plasmid are secretion signal of an inhibitor for serine 
proteases, BbrPI (pBIC1); signal of cell wall protein from B. brevis (pBIC2); signal 
of P22 gene from B. choshinensis (pBIC3); modified P22 protein secretion signal 
(pBIC4). 
 The BIC system also provide an easy cloning method based on the in vivo 
homologous recombination between the linearized pBIC vector and the target gene 
with extended 15 base pairs overlapped region to the ends of pBIC vector as 
represented in Fig. 24. The overlapped region can be introduced in three positions 
for the expression in different form of proteins, the N-terminally his-tagged secreted 
protein, the direct secretory protein without His Tag, and the intracellular protein 
(Fig. 25).  
In order to construct the heterologous expression system of the pirin-like 
protein form P. stutzeri Zobell, I compared two bacterial expression systems 
mentioned above and examined the most appropriate vector in the expression. I 
succeeded in expression of apo-pirin-like proteins in both expression systems. 
However, it was revealed that the proteins provided in each expression system 





Fig. 24. The Brevibacillus in-vivo Cloning Method 
 
 
Fig. 25. Selection of the expression mode with the BIC system. P22p, P22 
promoter; SD, Shine–Dalgarno sequence; Nmr, neomycin-resistant gene. 
 
3.2.  Materials and Methods 
3.2.1. Materials 
Brevibacillus Expression System and QIAexpressionist were purchased 
from TaKaRa Biochemicals and QIAGEN, respectively. The cells E. coli XL10-
Gold, DH5and BL21 (DE3) are from Stratagene (U.S.A.), TaKaRa 
Biochemicals, and New England Biolabs, respectively. The competent cells of B. 
chosinensis HPD31-SP3 and plasmid pUC18 were from TaKaRa Biochemicals. 
Blend Taq DNA polymerase was obtained from TOYOBO, PrimeSTAR GXL DNA 
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polymerase, EmeraldAmp PCR Master Mix, and Mighty Mix DNA ligation kit are 
from TaKaRa Biochemicals. Superdex 200 10/300 GL column for gel filtration 
chromatography and Cosmogel His-Accept for IMAC are from GE Bioscience and 
Nacalai Tesque, respectively. 
 
3.2.2.  Methods 
3.2.2.1. Construction of Expression plasmid 
a Brevibacillus expression system 
The primers were designed by considering the sequences of pirin gene and 
pBIC plasmid. The primers are the pBHQDO(+) and pBQDO(-). The first primer, 
(5-GATGACGATGACAAAGCCCAACGGGAAATTCTA-3’) is the 5’-region of 
the pirin-like protein gene and a 15 bp overlapped sequence to the 5’-region of 
linearized pBIC plasmid (for expression His-tagged protein). The second primer, 
(5’-CATCCTGTTAAGCTTTCAGGCCAGTGTCCCATC-3’) is a complementary 
sequence of 3’-region of the pirin gene and a 15 bp overlapped region to the 3’-
region of linearized pBIC plasmid (underline is HindIII restriction site).  
 
 
Fig. 26. The scheme of the Brevibacillus in-vivo cloning procedures.  
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The pirin-like protein gene was then amplified with the primers and pGEM-
2,3QD as a template using Blend Taq DNA polymerase. PCR program of 5 min. 
preheating at 95oC; 25 cycles of 30 sec. denaturation at 95oC, 30 sec. annealing at 
55oC and 30 sec. extension at 72oC; and a 7 min. extended temperature at 72oC. The 
amplified pirin gene was then electrophoresed, purified by QIAEX II, combined to 
the linearized pBIC vector, and used for the transformation of B. choshinensis 
competent cells. The colonies obtained were then screened by colony PCR using 
EmeraldAmp PCR Master Mix to verify the pirin gene occurrence within the 
plasmid. 
 
b. QIAexpressionist Expression System  
Prior to the pirin gene amplification, the primer Qurc_Nterm-Bam(+) (5’-
CGGGATCCGCCCAACGGGAAATTCTA-3’) comprising 5’-region of the pirin 
gene and the BamHI restriction site (underlined) and the primer Qurc_Cterm-Hind(-
) (5’–CCCAAGCTTTCAGGCCAGTGTCCCAT-3’) consisting 3’-region of the 
pirin gene and the HindIII restriction site (underlined) were prepared. The pirin 
gene was amplified with the primers and pGEM-2,3QD as a template using Blend 
Taq DNA polymerase. PCR program was 1 min. preheating at 95oC; 25 cycles of 
30 sec. denaturation at 95oC, 30 sec. annealing at 53oC and 1 min. extension at 
72oC; and a 5 min. extended temperature at 72oC. An aliquot of the amplification 
solution was used for the detection of the amplified pirin gene by electrophoresis. 
The rest of the amplified fragment and the pQE-30 plasmid (Fig. 27), the vector of 
QIAexpressionist expression system, were digested by BamHI and HindIII 
restriction enzymes. Both digested genes were electrophoresed and purified by 
QIAEX II, and then 1 µL of the digested pQE-30 plasmid and 4 µL of the digested 
pirin gene were ligated by TaKaRa Mighty Mix for O/N at 16°C to yield pQE-
2,3,QD. E. coli XL10 Gold and DH5α cells were transformed with the ligation 
mixture. The colonies obtained were then screened by colony PCR with 
EmeraldAmp PCR Master Mix to verify the pirin gene occurrence within the 
plasmid. The nucleotide sequence of the insert DNA was determined by BigDye 





Fig. 27. pQE-30 vector map from the manual of QIAexpressionist. The pirin-like 
protein gene was ligated into BamHI and HindIII restriction sites. 
 
 
c. Construction of the expression plasmid for pirin gene using pUC18  
vector 
 Similar to the other expression system, the first step for construction of 
expression plasmid was the pirin gene amplification by certain primers. The 5’-
UTR region containing Shine-Dalgarno sequence and the open reading frame 
coding for the pirin-like protein with 6xHis-tag at C-terminus was amplified by 
PCR using two primers, the 2,3QD_5’Eco+SD(+) and 2,3QD_3’Bam+6His(-). The 
first primer, 5’- ggaattcggaggaagcgaagatggcccaacgggaaattc-3’, contains the EcoRI 
recognition site (underline), Shine-Dalgarno sequence (bold letters), and coding 
sequence for the N-terminal region of the pirin-like protein. The second primer,    
5’- cgggatcctcaatgatgatgatgatgatgggccagtgtcccatcgcgaaa-3’, contains the BamHI 
site (underline) and the C-terminal region of the protein with 6xHis-tag (italic 
letters) and a pGEM-2,3QD as a template. PrimeSTAR GXL DNA polymerase was 
used for PCR amplification with a program of 30 cycles of 98°C denaturation 
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temperature for 10 s, 55°C annealing temperature for 15 s, 68°C extension 
temperature for 60s. 
 The amplified gene fragment was digested with EcoRI and BamHI, and 
inserted into pUC18 vector to yield an expression plasmid pUC-23QD. To avoid 
co-expression of LacZ-fused pirin-like protein, a stop codon was introduced at 
upstream to the SD sequence by PCR mutagenesis using two primers (5’-
gaattcgtgaggaagcgaagatggcc-3’, 5’- cttcctcacgaattcgtaatcatggt-3’). Prior to the 
transformation of E. coli XL10, ligation sample was digested with DpnI The 
resultant plasmid was designated as pUC-23QD*. The nucleotide sequence of the 
pirin gene was then determined by Applied Biosystems 3130 genetic analyzer using 
BigDye Terminator v3.1 Cycle Sequencing Kit. 
 
 
Fig. 28. pUC18 vector map. The pirin-like protein gene was ligated into BamHI 
and EcoRI restriction sites. 
 
3.2.2.2  Expression of the pirin-like protein 
a Brevibacillus expression system 
B. choshinensis cells having pBIC plasmid with pirin-like protein gene was 
inoculated in 3 mL TMNm liquid medium (10 g glucose, 10 g peptone, 5 g ehrlich 
bonito extract, 2 g yeast extract, 10 mg FeSO4, 10 mg MnSO4, 1 mg ZnSO4, 10 mg 
neomycin in 1 L solution) with 0.5 mM CuCl2 and incubate at 30˚C for 3 days. 
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Expression of the recombinant protein (Mr ≈ 35 kDa) was investigated by SDS 
polyacrylamide gel electrophoresis (PAGE) during cultivation. The cells were 
harvested by centrifugation (5,000 g for 5 min) and the supernatant was pooled as 
crude enzyme. The cell pellet was suspended in 1mL TE buffer and disrupted by 
sonication. Expression of the recombinant protein in culture supernatant, cell-free 
extract, and soluble fraction were examined by SDS-PAGE. 
The cultivation of B. choshinensis cells carrying pBIC3-2,3QD were 
performed as follows. The aerobic seed culture was performed in 3 mL TMNm 
liquid media with or without 190mM arginine for overnight at 30˚C. The seed was 
inoculated into 200 mL of the same medium and incubated for three days with 
shaking (150 rpm) at 30˚C. The culture supernatant was then collected by 
centrifugation (5,000 g for 5 min), and the secreted proteins were precipitated by 
adding solid ammonium sulfate to 30% saturation. The precipitates were then 
collected by centrifugation, dissolved in the basal buffer (20 mM Tris-H2SO4, pH 
8.0), and dialyzed against the same buffer. Subsequently, the dialyzed protein was 
loaded onto the Ni-NTA coloumn (3 x 14 cm). The column was washed with 200 
mL of basal buffer containing 300 mM NaCl and 10 mM imidazole, and then 
washed again with 200 mL of basal buffer supplimented 300 mM NaCl and 20 mM 
imidazole. The bound protein was then eluted by basal buffer with 300 mM NaCl 
and 300 mM imidazole. The presence of the recombinant pirin-like proteins were 
confirmed by SDS-PAGE.  
 
b. Protein Expression in pUC18 Vector and The Protein Purification 
E. coli BL21 (DE3) cells carrying pUC-2,3QD were inoculated in 4 mL LB 
medium containing 100 µg/mL ampicillin and incubated overnight at 37°C with 
150 rpm shaking (seed culture). The seed cells were then transferred into 700 mL 
same medium and incubated at 37°C with 120 rpm shaking (main culture). After 4 
hrs incubation, isopropyl-β-D-thiogalactopyranoside (IPTG) was aded to the 
medium at final concentration of 0.2 mM, and the cultivation continued for 
overnight at 25°C with shaking (120 rpm).  
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The cells were collected by centrifugation at 13,600 g for 15 min, and 
disrupted by sonication in the basal buffer, 20 mM Tris-H2SO4 pH 8.0. The cell 
debris was removed by ultra-centrifugation at 28,000 g for 30 min at 4°C, and the 
clarified soluble fractions (90 mL) were loaded onto Cosmogel His-Accept resin 
column ((3 x 14 cm, Nacalai Tesque). Two step of washing was performed as 
described in section 3.2.2.2.b, and the absorbed protein was eluted by the basal 
buffer supplimented with 300 mM NaCl and 300 mM imidazole.  
The fractions containing the recombinant pirin-like protein were pooled and 
concentrated with a centriprep centrifugal filter concentrator devices (Millipore, 
U.S.A.) by centrifugation (3,000g for 1 hour) at 4˚C. Next, the recombinant protein 
was treated with 10 eq. EDTA for overnight, and dialyzed against 100 mM 
potassium phosphate buffer (pH 8.0) to remove metal ions from the protein. 
Thereafter, a size-exclusion (gel filteration) chromatography was performed with 
Superdex 200 10/300 column (Pharma Biotech) at a flow rate 0.5 ml/min using the 
100 mM phosphate buffer as eluent. Fractions containing the pirin-like protein were 
concentrated by centriprep. 
 
3.2.2.3. Determinations of protein concentration and amino acid sequence 
Protein concentration was determined with the BCA protein assay kit 
(Pierce, U.S.A.) and bovine serum albumin as a standard protein.  
The electrophoresed proteins on a 12.5% (w/v) SDS-PAGE gels was blotted 
by a semi-dry electroblotting method onto a nitrocellulose membrane using Trans-
Blot SD cell (BIO-RAD, U.S.A.). The membrane was then stained with amido 
black, destained, dried, and the N-terminal amino acid sequence of the recombinant 
protein was analyzed by a Shimadzu PPSQ-33A protein sequencer. of Integrated 








3.3.  Result and Discussion 
3.3.1. Brevibacillus Expression System and the Protein Purification 
B. choshiensis cells were transformed with the amplified pirin-like protein 
gene (850 bp) and linearized pBIC1-4 plasmids. There are many clones grown on a 
culture plate supplemented with kanamycin. In order to screen the correctly formed 
expression vector made by a homologous recombination between pBIC vector and 
the pirin gene fragment (BIC method), colony PCR was performed. The results of 
the colony PCR showed the appearance of some amplified DNA fragments with the 
size of around 800 to 1000 bp (Fig. 29). Therefore, it was confirmed that all the four 
pBIC vectors contained the pirin-like protein gene. The nucleotide sequence of the 
insert of pBIC3-2,3QD is presented in Fig. 30. A single nucleotide substitution (G 
to A) was found in the nucleotide sequence of the insert DNA, however, the amino 





Fig. 29. The amplified fragments by colony PCR.  















M      :  marker 800 and 1000 
a – c  :  template, pBIC4-2,3QD  
d – f  :  template, pBIC3-2,3QD  
g – i  :  template, pBIC2-2,3QD  
j – k  :  template, pBIC1-2,3QD 
M   a    b     c     d     e    f      g    h      I    j     k   
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Brevi  1    GCCCAACGGGAAATTCTATCCATCACGACCGGCCGGCCTACATCCGATGGCGCTGGCGTC  60 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Origi  1    GCCCAACGGGAAATTCTATCCATCACGACCGGCCGGCCTACATCCGATGGCGCTGGCGTC  60 
 
Brevi  61   AGTCTGACACGTGTTTTCGGCGGCGTAGCACCGGAGCGTTTCGACCCTTTTCTGATGCTC  120 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Origi  61   AGTCTGACACGTGTTTTCGGCGGCGTAGCACCGGAGCGTTTCGACCCTTTTCTGATGCTC  120 
 
Brevi  121  GACGAGTTCGGCTCGAACGATCCGGAAGAGTACATCGCCGGCTTCCCGCCGCACCCGCAT  180 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Origi  121  GACGAGTTCGGCTCGAACGATCCGGAAGAGTACATCGCCGGCTTCCCGCCGCACCCGCAT  180 
 
Brevi  181  AGAGGTTTCGAAACCATCACCTATATGCTCGAAGGGCGGATGCGCCACGAGGATCACATG  240 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Origi  181  AGAGGTTTCGAAACCATCACCTATATGCTCGAAGGGCGGATGCGCCACGAGGATCACATG  240 
 
Brevi  241  GGCAACGTCGGGCGGCTGGAAAGCGGCGGTGTGCAGTGGATGACCGCAGCACGCGGTGTG  300 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Origi  241  GGCAACGTCGGGCGGCTGGAAAGCGGCGGTGTGCAGTGGATGACCGCAGCACGCGGTGTG  300 
 
Brevi  301  ATCCACAGCGAAATGCCGGAGCAGGAGGAAGGCCTCATGCGCGGCTTCCAGCTGTGGCTG  360 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Origi  301  ATCCACAGCGAAATGCCGGAGCAGGAGGAAGGCCTCATGCGCGGCTTCCAGCTGTGGCTG  360 
 
Brevi  361  AACCTGCCCGCCCACGCCAAGCTCGGAGAGCCGGGTTACCGCGACTTCGCACCTGCAGAG  420 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Origi  361  AACCTGCCCGCCCACGCCAAGCTCGGAGAGCCGGGTTACCGCGACTTCGCACCTGCAGAG  420 
 
Brevi  421  ATTCCCCAGGTGCGCCTCGAAAACGGCGTACGGGCCAAGGTCATCGCCGGAACATTGAAG  480 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Origi  421  ATTCCCCAGGTGCGCCTCGAAAACGGCGTACGGGCCAAGGTCATCGCCGGAACATTGAAG  480 
 
Brevi  481  GCGGAAGGCATCGAGCACCAAGGCGTCGTGCAGCGGCCCGATACCGAGCCCCAGCTATTC  540 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Origi  481  GCGGAAGGCATCGAGCACCAAGGCGTCGTGCAGCGGCCCGATACCGAGCCCCAGCTATTC  540 
 
Brevi  541  GATCTGCACTTGCCCGCCGGTAGCACGTTCTCGCCGCAGATCCCGGACGGCCACCTGTTG  600 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Origi  541  GATCTGCACTTGCCCGCCGGTAGCACGTTCTCGCCGCAGATCCCGGACGGCCACCTGTTG  600 
 
Brevi  601  TTGCTCTATGTATACGAGGGCGCGCTGCAGGTCGGCGATCAGCCGGTCGGCAAGGGCCAG  660 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Origi  601  TTGCTCTATGTATACGAGGGCGCGCTGCAGGTCGGCGATCAGCCGGTCGGCAAGGGCCAG  660 
 
Brevi  661  CTGGTGCGCCTGTCCGAACAGGGTGAGCTGCAATTACACAGCGAGACCGGCGCACGACTG  720 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Origi  661  CTGGTGCGCCTGTCCGAACAGGGTGAGCTGCAATTACACAGCGAGACCGGCGCACGACTG  720 
 
Brevi  721  ATGCTGCTCGCCGGCCGACCGCTGAGAGAACCCATCGTGCAGTACGGTCCGTTTGTGATG  780 
            |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
Origi  721  ATGCTGCTCGCCGGCCGACCGCTGAGAGAACCCATCGTGCAGTACGGTCCGTTTGTGATG  780 
 
Brevi  781  AATAGCCGCGAGGAGGTCGAGCAAGCGCTGAGGGATTTTCGCGATGGGACACTGGCCTGA  840 
            |||||||||||||||||||||||||||||| ||||||||||||||||||||||||||||| 
Origi  781  AATAGCCGCGAGGAGGTCGAGCAAGCGCTGCGGGATTTTCGCGATGGGACACTGGCCTGA  840 
 
Fig. 30. Alignment of nucleotide sequences for the pirin-like protein gene in 
pBIC3-2,3QD (Top, Brevi) and the one from genome DNA of P. stutzeri Zobell 
(Bottom, Origi). The cloned pirin gene in pBIC3-2,3QD have a single nucleotide 
substitution (red). 
 
In Brevibacillus expression system, the pirin-like protein gene with His-tag 
coding sequence attached at the 5’-terminus was placed under the control of same 
P22 promoter in four different vectors having individual secretion signal. B. 
chosinensis cells having each plasmid of pBIC1-, 2-, 3- or 4-2,3QD were cultured, 
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and the expressed proteins were analyzed by SDS-PAGE. Two protein bands with 
molecular weight around 30 kDa were expressed in the culture supernatant of B. 
choshinensis carrying pBIC2-2,3QD and pBIC3-2,3QD (Fig. 31). On the other 
hand, the recombinant pirin-like protein was expressed in neither culture 
supernatant nor inside the cell in the cases of pBIC1-2,3QD and pBIC4-2,3QD. 
These results suggest that a combination of the secretion signal and pirin-like 
protein is important for expression. The recombinant protein expressed in the 
medium showed quercetinase activity in the presence of copper, but gave two bands 
on the SDS-PAGE (31 kDa and 29 kDa, Fig. 31) and was difficult to separate by 
chromatography (data not shown). Because these proteins adhere to a Ni-IMAC 
column, both protein holds an N-terminal His-tag, and consequentry, it is thought 
that the band with low molecular weight is regarded as the species which was 






Fig. 31. Protein expression patterns of each pBIC vector.  
 
To avoid the C-terminal processing, I examined the effects of an addition of 
arginine in the expression of pirin-like protein using pBIC3-2,3QD. The 
recombinant protein expressed as a single band (29 kDa) in the medium with 
arginine supplementation exhibited a low quercetinase activity compared to the one 
from the medium without arginine (Fig. 32). As a consequence, the recombinant 
Annotation: 
1: Soluble fraction of pBIC1. 
2: Cell-free extract of pBIC1. 
3: Culture supernatant of pBIC1. 
4: Soluble fraction of pBIC2. 
5: Cell-free extract of pBIC2. 
6: Culture supernatant of pBIC2. 
7: Soluble fraction of pBIC3. 
8: Cell-free extract of pBIC3. 
9: Culture supernatant of pBIC3. 
10: Soluble fraction of pBIC4. 
11: Cell-free extract of pBIC4. 
12: Culture supernatant of pBIC4. 




protein expressed in Brevibacillus expression system were not further utilized for 
its characterization.  
 
 
Fig. 32. The expressed protein of the batch culture with pBIC3-2,3QD.  
 
3.3.1. QIAexpressionist Expression System 
The pirin-like protein gene was ligated into BamHI and HindIII restriction 
sites of pQE30 vector under the controls of T5 promoter and lac operator. E. coli 
XL10 Gold or E. coli DH5 cells were transformed with pQE-2,3QD and there 
were many clones grown on a culture plate. Colony PCR and restriction enzyme 
digestion was employed for the screening of the expression vector with insert DNA 
as in the case for pBIC. The appearance of some amplified DNA fragments or insert 
DNA with the size of 800 bp (Fig. 33, 34) indicate the pQE vector contains the 
pirin-like protein gene. The nucleotide sequence of the insert was confirmed by 
DNA sequence by Applied Biosystems 3130 genetic analyzer (data not shown). 
 
 
Fig. 33. The amplified fragments by colony PCR.  
Colonies carrying pQE-2,3QD were used as templates. 
Annotation: 
The left column is the standard proteins. 
A. Culture supernatant of B. 
choshinensis/pBIC3-2,3QD. 
B. The purified recombinant protein from 
TMNm medium (without arginine) 
C. The purified recombinant protein from 




marker of 800 and 1000 bp. 
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Fig. 34. Digested DNA fragments with BamHI and HindIII. 
 
 
Then, I cultured E. coli DH5 and XL10-Gold cells carrying pQE-2,3QD 
and confirmed the expression of recombinant pirin protein by SDS-PAGE. In 
neither host strain, however, I was able to confirm expression of the recombinant 
pirin-like protein. Therefore this expression system cannot be used for the 
characterization of the pirin-like protein.  
 
3.3.3. Protein Expression System Using pUC18 Vector 
To construct the expression system of the pirin-like protein, the open reading 
frame of the gene attached a 6X-His tag coding sequence at 3’-terminal end with 
5’-UTR region containing SD-sequence was amplified by PCR. The gene fragment 
coding for the pirin-like protein was ligated into EcoRI and BamHI restriction sites 
of pUC18 vector under the controls of lac promoter / operator. The resultant plasmid 
pUC-2,3QD was checked by restriction-digestion pattern and nucleotide 
sequencing. The sequence of the pirin gene contained a silent mutation, so the gene 
is applicable for the recombinant protein production. E. coli BL21(DE3) cells were 
transformed by pUC-2,3QD for expression of the recombinant protein. E. coli 
BL21(DE3) is the most advantages host due to its high-level protein production, 
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Fig. 35. Purification of the pirin-like protein expressed in E. coli. before stop 
codon introduction. 
 
The pirin-like protein was expressed as a soluble intracellular protein 
without forming any inclusion body. However, the two protein molecules with 
analogous molecular masses (31 and 33 kDa) were expressed as in the case in 
Brevibacillus expression system (Fig. 35, SDS-PAGE 2 band). Because the His-tag 
is added to the C-terminus of the pirin-like protein in this time, heterogeneity is a 
difference of the N-terminal region of the proteins. Hence, the N-teminal amino 
acid sequences of the two protein bands were determined by a protein sequencer to 
clarify the difference of two protein species. The N-terminal sequence of 31 kDa 
protein, Ala-Gln-Arg-Glu-Ile-Leu-Ser-Ile-Thr-Thr, is identical to the N-terminal 
sequence of the pirin, whereas the one from 33 kDa protein indicated that the N-
terminal 10 amino acids of LacZ protein encoded by the vector was fused to the 31 
kDa protein. Both the LacZ-fused protein (33 kDa) and the target pirin-like protein 
(31 kDa) exhibit quercetinase activities upon the incorporation of divalent metal 
ions (not shown). However, it was impossible to separate them by 
chromatographies. Therefore, I inserted a stop codon just before the SD sequence 
by PCR mutagenesis (pUC-2,3QD*), and succeeded in obtaining the recombinant 
protein to afford a single band on SDS-PAGE (Fig. 36). Thus, the purified 
recombinant pirin is reliable and can be used for protein characterization. 
 
     1           2 
Annotation: 
1 : Bio-rad PPP Standard 
protein (in kDa) 

















Fig. 36. Purification of the pirin-like protein expressed in E. coli. after stop codon 
introduction. 
 
3.4.  Conclusion 
The pirin-like protein gene cloned into the pGEM-T Easy vector (chapter 2) 
was subcloned into the expression vectors, pBIC1,2,3,4, pQE30, and pUC18. In the 
case of pBIC vectors, a homologous recombination between the vector and insert 
DNA was used for the in vivo ligation. I succeeded in an extracellular expression of 
the pirin-like protein by using Brevibacillus as a host, but the C-terminal region of 
the recombinant protein received some processing.  
Therefore, I tried to get the recombinant protein by constructing the E. coli 
expression system but the protein was not produced when the pQE30 was used as 
a expression vector. Finally, I succeeded in the construction of a heterologous 
expression system of the pirin-like protein from P. stutzeri Zobell in E. coli. The 
recombinant protein was expressed as the mixture of the target pirin-like protein 
and LacZ fusion at its N-terminus, but the pure recombinant protein molecules 
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The bottom line of a protein analysis is the characterization. This chapter 
mainly discuss about the experiment attempt in Pseudomonas stutzeri strain Zobell 
pirin-like protein characterization in the quercetinase activity. The meaning of this 
quercetinase is an oxygenation activity which is commonly possessed by quercetin 
2,4 dioxygenases in which a ring of the enzyme’s substrate of quercetin will be 
cleaved by the enzyme, so both atoms of oxygen can bind to the substrate to make 
a product of depside (2-protocatechuoylphloroglucinol) together with the released 
of carbon monoxide. Moreover, the substrates for the enzyme deoxygenation was 
broaden to be not only quercetin but also the other flavonols [3]. 
This quercetinase activity was afforded by microorganisms as a kind of their 
defense mechanism toward a harmful chemical compound, in this case is quercetin 
which was suggested bacteriostatic and dangerous for microbes because of its 
antioxidant potency, which affect gyrase and prevent negative DNA supercoiling, 
so the DNA will be not replicated [25,26]. There are many reports on fungal 
quercetinase characterization which were built upon the homologous expression of 
the enzyme. However, contrary to the fact that the most infected organism by the 
quercetin is the bacteria and not the fungi, the reports concerning the bacteria 
quercetinase which were the study about the heterologous expressed enzyme, was 
very few. Therefore, in order to encompass this insufficient reports, the experiment 
was encouraged to engage a quercetinase study over a bacteria enzyme. 
Initially, the analysis among the quercetinae characterizations is the study 
about the structure. Quercetinase was recognized to be a kind of cupin superfamily. 
Cupin superfamily which covers enzymatic and nonenzymatic proteins have a 
feature of a single or repeated domain (cupin) of a conserved six-stranded β-barrel 
fold composed by two β-strands of amino acid motifs with the consensus sequences 
of G(X)5HXH(X)3-4E(X)6G (motif 1) and G(X)5-7PXG(X)2H(X)3N (motif 2) which 
are cohered through an intervening loop [15,17]. Tertiary structure of the cupin 
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construes the biochemical functions, which mostly comply on oxygenation 
obligation, depending on the variation of divalent metal ions as cofactor and the 
flexibility of the active site residues, typically constructed by glutamic acid and 
histidines appearing in the center of the two motifs [2]. As a cupin and also as an 
oxygenase, especially the dioxygenase, quercetin has a performance of β-barrel 
folded domain which is commonly in a bicupin formation with a single hydrophobic 
cavity on each cupin and an imbedded active site for metal ion binding in one or 
both cupin. The studies on the extracellular expressed fungal quercetinase of 
Aspergillus flavus, Aspergillus japonicus and Penicillium olsonii which was grown 
on rutin or other rutin catabolic pathway compound were found out a varies on the 
bicupin structure which was monomeric for A. flavus and P. olsonii and 
homodimeric for A. japonicus [7-10]. While the observed research of Bacillus 
subtilis and Streptomyces sp. FLA which was achieved by heterogeneous 
expression in E. coli has found out that one of four bicupin protein of B. subtilis 
which is YxaG is a dimer quercetinase and that the  presence of two cupin motifs 
in the Streptomyces sequence suggest its monocupin secondary structure [11-14]. 
Moreover, the studies of these quercetinase also give an interpretation that the 
ligand binding of the fungal and bacteria quercetinase are composed by histidine 
and glutamate by the following pattern of H2GH. The metal ion on the quercetinase 
ligand binding induce the enzyme activity. Correspondingly, the metal ion of a 
different quercetinase will be different. The common metal ion cofactor of fungal 
quercetinases is Cu2+ which is contrast to the other dioxygenases that typically take 
advantage of Fe2+/Fe3+ to generate enzyme activity. A. flavus was reported to have 
2eq Cu2+ synchronized to the active site [2,4]. While A. niger and A. japonicus has 
a type II copper centre as a non-blue copper, but with a combination to type I copper 
site in the formation of the last [9,10]. Additionally, the bacteria has broader range 
on metal ion cofactors, other than Cu2+, such as the YxaG which is suitably a 
member of manganese dioxygenase but Fe2+, Co2+ and Cu2+ can also stimulate the 
enzyme activity [12]. In the other hand, Streptomyces has a disparity regarding its 
metal ion within the ligand active site, which an experiment of metal interpolation 
has confirmed that Ni2+ and Co2+ gave the prominent performance [14]. 
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Along the lines of structure characterization, this experiment of pirin protein 
would like to evaluate the most appropriate 3 dimension structure of the pirin, 
especially for the active cavity and ligand binding elucidation, based on the 
adopting homology of the preceded enzyme template which is designated upon the 
amino acid sequence similarity; and analyze the metal ion of the pirin which serve 
as the most reliable cofactor within the ligand binding and able to perform the best 
quercetinase activity. As a reference for this pirin structure characterization, the 
pirin primary sequence and structural confirmation has elucidated pirin belongs to 
cupin superfamily, the same enzyme type of quercetinase. Thus, this pirin was also 
predicted to have a kind of cupin structure which was supported by the report of 
human and E. coli pirins structure with their similar arrangment of bicupin. This 
bicupin has hydrophobic cavity and four β-strands in each identical cupin. The N-
terminal cupin cavity become the metal binding site but not for the C one that is 
possibly associated to the folding process. Comparable to quercetinase, the metal 
coordination is performed by 3H1G and water molecules. Iron charges this metal 
site of human pirin, while cadmium fill the E. coli one [18,20].  
Secondly, the whole structure with the ligand binding site and the metal ion 
cofactor should be analyzed for the enzyme activity in quercetinase. This analysis 
especially should be examined to the pirin protein. Certainly that a study of E. coli 
pirin-like protein has mention its pirin enzyme competence of quercetinase [20]. 
Conjointly, there is also verification of pirin potency in quercetinase activity such 
as in Arabidopsis thaliana which is a biology and genetic plant model, poliovirus 
host and human [20,23,24]. In Arabidopsis, in vitro-translated PRN1, a pirin 
enzyme for light and ABA stimulation during seed germination and transcription, 
was determined to be correspondingly eligible for cleaving quercetin [23]. 
Formerly, poliovirus replication within cells was detected to be inhibited by 
quercetin if the intracellular pirin content of the host were insufficient. This implies 
pirin influence in quercetin depletion settles the endurance of poliovirus infection 
to quercetin [24]. But then again this type of cupin enzyme was initially recognized 
as nuclear factor 1 (NF1) interactor, able to support DNA replication and 
transcription [18,19,20]. Later, pirin becomes a topic of interest due to the pervasive 
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span over organisms together with the beneficial implications. It involves in novel 
mechanism of human gen regulation, plant growth and development during PCD, 
seed and seedling, and even microbes stress resistance [18-23]. Thus, it cannot be 
generalized that all pirin has quercetinase activity. Based on this fact, the current 
experiment would like to measure the pirin activity in quercetinase and also ensure 
the quercetinase qualifications of this pirin-like protein of Pseudomonas stutzeri 
strain Zobell by the product formation recognition.  
Lastly, all of the reported pirin has recognized meaning in quercetin 
utilization, but unfortunately no regulation for the other flavonols has been studied 
just like the one on the reported quercetinase. Hence, the pirin role in flavonol 
deoxygenation remains uncertain and demands an advance analysis, especially in 
the substrate specificity of a variety of flavonols along with the particular kinetic 
values and the optimum environmental condition of temperature and pH. 
 
4.2.  Materials and Methods 
4.2.1. Materials 
The flavonols consist of quercetin, myricetin, kaempferol, and fisetin from Wako 
Chemical (Osaka, Japan), galangin and taxifolin from Sigma (St. Louis, USA), 
morin from Tokyo Chemical Industry (Tokyo, Japan) and luteolin from LKT labs 




a. Homology modeling of the pirin-like protein structure  
Homology modeling of the pirin-like structure was performed by SWISS-
MODEL server (http://swissmodel.expasy.org) based on E. coli pirin (PDB ID: 
1TQ5) as the template with a special emphasis on the ligand binding site. This E. 
coli pirin was selected to become the template because of its higher sequence 
alignment than the fungal or bacterial quercetinase of Aspergillus japonicus and 
Bacillus subtilis. All of the three microbes were capable of becoming the pirin-like 
protein structure template due to the affirmation of their reported crystal structure.  
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b. Metal ion dependency 
The reliable enzyme of the previous extracted and purified protein was 
concentrated by centripep® centrifugal filter, and the concentration was measured 
by in Pierce BCA assay method with bovine serum albumin as standard. This 
enzyme was then dialyzed in 10 mM potassium phosphate buffer pH 6.0 with 0.1 
M NaCl and used for activity augmentation (by instigating activity analysis as 
detailed in enzyme assay) in metal ion titration over the enzyme in 0.0 to 5.0 eq 
concentration relative amount of both, to get ion critical saturation. The metal ions 
of the titration were Fe2+ by using mohr salt and Cu2+ by using CuCl2. 
After getting the metal ion saturation value, 6 kinds of metal ions, consist 
of NiCl2, MnSO4, (NH4)2Fe(SO4)2, CoCl2, CuCl2 or ZnSO4 was separately 
combined to 6 vials of the pirin-like protein and incubated for 5 hrs at 4°C by gentle 
stirring. The final concentration of each ion was 1 eq. to the enzyme concentration 
which was referring to the result of the saturation value. In addition, before Fe2+ 
introduction under O2-free conditions, the enzymes was kept in a parafilmed and 
rubber sealed vial, then having degasification to remove O2. Each enzymes was then 
activity analyzed as described in the enzyme assay. The analysis was carried out in 
triplicate by using buffer of identical metal content as the subtraction factor.  
Later, the result indicated the highest enzyme activity while Cu2+ was 
introduced into the apo-enzyme which was the Cu-pirin-like protein. Therefore, the 
Cu2+ coordinated enzyme was dialyzed against the buffer and used for further 
analysis of spectroscopy, assay, substrate specificity and kinetics. 
 
c. Enzyme assay 
c.1. Spectra assay 
UV-Vis spectroscopy was measured by Shimadzu 2600 UV/VIS 
Spectrophotometer at RT. The apparatus was controlled by UV Probe personal 
software version 2.43. A rectangular quartz micro cuvette with 1 cm path length 
was used for recording the prepared Cu-pirin-like protein absorption spectrum. The 
spectrum was expected to identify the protein and copper occurrence. The data was 
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saved in JWS format and transferred to PC text document to be treated into the 
presented graph.  
The X-band EPR spectra of a frozen Cu-pirin-like protein contained by a 
capillary glass was brought by JEOL JES-RE1X ESR spectrometer at 77 K with the 
parameters were 9.180 GHz of microwave frequency, 5 mW of microwave power, 
100 kHz of field modulation, 1 mT of amplitude modulation, 240 s of sweep time, 
0.03 s of time constant, and 1300 mT of center field for 50 mT sweep width. The 
imaging spectra was proceed by IGOR Pro (WaveMetrics, Lake Osewego, OR) and 
manually evaluated to find out the g-factors and a-factor values. 
 
c.2. Activity assay 
The pirin-like protein specific activity in quercetin exerted was analyzed by 
drizzling it into 1 mL reaction mixture containing 50 mM Tris-HCl ph 7.5 buffer, 
100 mM NaCl, and 50 µM quercetin in DMSO (5%) at room temperature [12]. 
Jasco V-560 UV/VIS spectrophotometer set to windows having spectra manager 
version 1.41.02 software was used to observe a reduce of quercetin maximum 
absorbance of 380 nm (ε380,pH 7.5 = 18730 M-1 cm-1).  
Similar assessment for substrates specificity to support flavonols 
deoxygenation impression was taken. The procedures was varying quercetin into 
other flavonols of myricetin, kaempferol, fisetin, galangin, taxifolin, morin, or 
luteolin, and then observing the decrease velocity of each flavonols maximum 
absorbance. Finally, specific activity of each flavonols were quantified based on the 
facts and also each flavonols epsilon. In spite of this, the kinetic parameters of some 
flavonols was disparately governed in analogous buffer and condition of activity 
assay by adjusting flavonol concentrations. The Km and Vmax were calculated 
based on the triplicate data of each by using nolinear regression analysis of 
GraphPad Prism ver. 6.05. 
Carbon monoxide and depside released identification were made to confirm 
the quercetinase activity occurrence of the Cu-pirin-like protein. The depside 
generation is detected by comparing the reaction mixture of quercetin maximum 
absorbance wavelength before and after combining enzyme by using Shimadzu 
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2600 UV/VIS Spectrophotometer. The CO emission was evidenced by PdCl2 
soaked filter paper, placed on the enzymatic reaction tube lid of flavonols 
deoxygenation. The CO will make black solid precipitates onto the paper [13].  
The optimal pH was examined by quantifying enzyme activity in 50 mM 
Britton-Robinson buffer at pHs ranging from 4.10 to 9.91. The Cu-pirin-like protein 
stability opposed to the given pH was perform by determining residual activity 
during 30 min. assay in room temperature.   
The optimal temperature was measured by appraising quercetin 
deoxygenation in 50 mM Tris-HCl ph 7.5 at temperatures ranging from 20° to 80° 
C. Thermal stability of the rating temperatures was defined by assessing residual 
activity for 30 min. assay in the settled buffer.  
 
4.3.  Result and Discussion 
4.3.1. Pirin protein predicted structure by homology modelling 
 
 
Fig. 37. Multiple amino acid sequence alignment of quercetinases and pirin like 
proteins. The quercetinase are taken from A. japonicus Q7SIC2, P. olsonii 
ABV24349 and B. subtilis P42106. The pirin-like protein are taken from E. coli 
P46852, human AAV38390 and P. stutzeri Zobell. Domain 1 and 2 are boxed in 
green and blue, respectively. Metal ion coordinating are boxed in red.  
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The amino acid sequences of the Pseudomonas stutzeri strain Zobell was 
aligned to the other reported quercetinase and pirin having ability in quercetin 
cleavage, and gave a result that the pirin protein of this current study of have a 25% 
genetic identical relation to A. japonicus quercetinase, 29% to B. subtillis 
quercetinase, 37% to E. coli pirin and 39% to human pirin. In order to make a 
distinct comprehension of the pirin structure, the human pirin which has the highest 
amino acid sequence alignment to the pirin of this current study was becoming a 
model to the pirin structure prediction as presented in Fig. 38. 
 
 
Fig. 38. Structural model of Pseudomonas stutzeri strain Zobell pirin-like protein 
which was constructed based on the E. coli pirin-like protein structure [PDB ID: 
4HLT] with red-yellow as the C-terminal domain and blue-green as the N-




The sequence alignment in Fig. 37 and the structure prediction toward the 
pirin protein has made an elucidation concerning on the enzyme active site. The 
sequence alignment proposed an estimation of the enzyme ligand residues for 
binding the substrate and metal ion which were referring to the ones on human. 
Furthermore, the homology structure corroborate this estimated residues which 
comprised by His59, His61, His103 and Glu105. The H3G pattern and not the H2GH 
and also the present of a single binding site on the N-terminus have been 
correspondingly legitimated this pirin to be a typical pirin [20]. While the consensus 
sequence of G(X)5HXH(X)3-4E(X)6G (motif 1) and G(X)5-7PXG(X)2H(X)3N 
(motif 2) [17] has included this pirin to be a member of cupin superfamily.  
 
4.3.2. Metal ion dependency 
 
 
Fig. 39. P. stutzeri strain Zobell pirin-like protein in 10 mM potassium phosphate 
buffer (pH 6.0) supplemented with 0.1 M NaCl quercetinase elevated activity after 
sequential addition of metal ions in a concentration scope of 0.0 to 5.0 eq. to the 
enzyme concentration of 4 µM. Titration curve of the activity as a function of 
Cu2+ increasing concentrations (A) and Fe2+ increasing concentration (B). 
 
Quercetinase and pirin are member of enzymatic cupin families and 
acquainted for certain metal incorporation for enzyme cofactor. In order to achieve 
a perceptive idea of this field of cofactor, the metal dependency experiment by 
implementing divalent metal ion compound was needed. The experiment was 
initiated by pursuing the applicable metal ion concentration over pirin apo-enzyme. 
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In order to realize the aim and to get a cofactor occupied perimeter of the enzyme 
coordination site, the pirin was titrated with metal ions. The titration was 
exemplified by copper, as a corporate ion found on quercetinase, especially on 
fungal one, and iron, as representative of a common dioxygenase cofactor [4]. The 
enhance enzyme activity along with the metal titration give an implication that the 
copper and iron was successfully incorporated into the ligand binding as enzyme 
cofactor. Both cofactors seem to reach a surfeit amount of action at approximately 
4 µM, an almost even value to the enzyme concentration of 4 µM. Regarding to this 
result, the critical saturation of the ion is affirmed to be 1 eq.  
Attributed to the saturation point, an experiment to find out the most suitable 
metal ion as the enzyme cofactor has been made by incorporating 1 eq in 
concentration of 6 kinds of metal ions, Fe2+, Cu2+, Ni2+, Zn2+, Co2+ and Mn2+ into 
the apo-enzyme in several incubation times. The activity outcome of each metal-
enzyme complex toward quercetin has determined copper as the optimum metal for 
triggering. Additionally, the ratio of other metals of Fe2+, Zn2+, Mn2+, Co2+, and Ni2+ 
in activity deduction to Cu2+ are 4.04-, 4.28-, 6.93-, 9.63-, and 11.46-fold of 
reduction, respectively. The appropriate Cu-pirin was then dialyzed two times 
against buffer to remove any residual metal ions and getting a firm arrangement of 
a complex pirin that can be used for auxiliary assessments.  
 
4.3.3. Enzyme Assay 
The UV- visible spectrum of pirin-like protein is shown as a broken line on 
Fig. 40 (A). The protein has a sharp absorbance peak at 280 nm with an extinction 
coefficient of 35,000 M-1 cm-1 as the designation of the apo-enzyme. In the Cu2+ 
introduction, an broad band of 650 nm appeared with the intensity of ~100      M-1 
cm-1 as the manifestation of the bound copper. This intensity is in the range reported 
for Cu-proteins containing a type II cu (ε < ~500 M-1 cm-1) [73]. Hence it gives a 
perception that the bound metal to the pirin was a type II copper. The broad peak 
appearance was consistently remaining even though the dialysis against buffer was 






Fig. 40. The UV-visible (A) and  X-band EPR at 77 K and 5 mW microwave 
power (B) of the pirin protein within 100 mM phosphate buffer pH 8.0. Note: the 
solid line is the Cu-pirin and the dotted line is the apo-pirin. 
 
The X-band EPR spectrum on Fig. 40 (B) exhibited a common hyperfine 
splitting of copper ligation to the enzyme ligand residue [69]. The hyperfine 
employment in the EPR parameters measurement gave a lower g// value of 2.260 
and higher A// value of 17.6 (x10-3cm-1), and provided a placement of Cu- pirin 
squarely in the Peisach-Blumberg classification of type 2 copper center [70]. Thus, 
it give an agreement to the previous UV-Vis spectrum. The classification also 
specified the ligated atom to be 2N2O in a slight coincident to 4N in the 
conformation of square planar molecular geometry [74]. The pirin supposed to have 
three nitrogen and a single oxygen ligated to the Cu(II). The given coincident result 
has offered an availability of a single nitrogen atom modification into the oxygen 
one or the inversely. This idea arises from the situation that there is a difficulty in 
determining the difference of 2N2O and 3N1O coordination based on the g// and 
A// values caused by the ligand charge and site symmetry [71]. The superhyperfine 
estimation is a lot more suitable valuation for coinciding the united atom of 3N1O 
which should give the relative intensities of 1:3:6:7:6:3:1. Another allegation is that 
the ligand binding was mainly supported by water which give a contribution of a 
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single atom O in the active site with copper. This affirmation refers a previous 
experiment of quercetinase which has specified a coordination of amino acid 
residues and water within the enzyme active site to support the metal ion and 
substrate binding [3]. 
Regardless of the fact that the pirin-like protein of the P. stutzeri strain 
Zobell has a low homology with the other quercetinase or pirin homologue with 
quercetinase capability, the alignment of the gene with E. coli pirin has specified 
sufficient information about the structure, especially within the active site. The 
structure perception give a monomer of two domain of the cupin pirin, but with a 
single active terminal. The possession of a single cofactor as mention after metal 
titration and UV-Vis spectra (Fig. 40A) for the monomer was identical to 
quercetinase and some pirin homologue with a single active terminal. The lack of 
activity within the other terminal is caused by the folding that disrupted the active 
site layout [18, 20]. However, the discussion of the established pirin crystal 
structure frequently compose based on the crystal structure of quercetinase which 
has been broadly studied for the meaning for some amino acids within. Based on 
the homology, there are some possibility that these amino acids could be also owned 
by the pirin-like protein. The first is the appearance of the substrate binding pocket 
of A. japonicus, in which the substrate enter to the ligand having the metal cofactor 
[7,10]. 
Despite of the inverted of the histidine – glutamate patterns, the structural 
arrangement of the amino acid residues for pirin-like protein ligand binding was 
probably closely related to the major form tetrahedral of A. japonicus. This 
deduction of relation was made based on the EPR outcome which show a square 
planar form with an alternative of 4N, 2N2O, or 3N1O coordination site template. 
Recurrence to the composition of pirin-like protein ligand residues, which is His59, 
His61, His103 and Glu105, so the template 3N1O is assigned to be the most appropriate 
model for the binding site. Additionally, square planar coordination is a lot more 
typical geometry for Cu2+ (the bound metal ion during the EPR observation) than 
the tetrahedral one, so it gives a slight implication of structure difference than the 
A. japonicus. The fourth ligand of glutamate of A. japonicus is on the off 
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conformation and replaced by a single water molecule [3]. The situation on the 
pirin-like protein is probably differ due to the availability of the glutamate residue 
in the ligand site. The glutamate residue support substrate deprotonation of the C3-
OH group, such as the one in the A. japonicus. The initial mechanism will be the 
fastened of the cofactor to the ligand site and then followed by the substrate which 
induce the proton released and oxygen electrophilic attack activated, and the 
deoxygenation finally begun [3].  
Cu-pirin-like protein potency in catalysis of quercetin deoxygenation was 
verified by analogous reason as quercetinase and/or pirin having quercetinase 
activity. Basically, the indication of quercetin ring cleavage is a shrink of the 
quercetin UV-vis maximum absorbance within buffer which is around 380 nm. This 
experiment of Cu- pirin-like protein gave a likewise trend in where the quercetin 
peak of 380 nm has decrease by the enzyme addition into the reaction solution (data 
not shown). The other important points of the indication are related to the products 
which are depside and carbon monoxide releases.  
Depside, quercetin and also the intermediates in between both have a 
distinctive structure of B and C rings. These rings belong to the cinnamoyl system 
which will give spectrum peaks within Band I absorption (300 – 400 nm) by light 
induction [72]. A 330 nm UV visible spectrum peak of this Band I absorption was 
exposed by an intermediate of quercetin oxygenation as stated in a broaden research 
[42]. Related to the fettle, this experiment has a fall of quercetin peak at 380 nm 
which is followed by an increase of peak at 330 nm after the Cu-pirin-like protein 
was combined into the quercetin reaction solution. Thus, depside which is 
represented by the intermediate has been endorsed to be emitted by quercetin 
deoxygenation which is catalyzed by the Cu-pirin-like protein. This intermediate 
was most probably oxohydroperoxide or cyclic oxoperoxide which are the 
intermediates of quercetin base- or enzyme- catalyzed oxygenation [6].  
Another product, which is carbon monoxide was detected by the formation 
of black precipitate upon the PdCl2 soaked filter paper covering the enzymatic 
reaction (Table 1). The precipitate is presumed to be an elemental palladium as the 
outcome of Pd2+ reduction [13]. This carbon monoxide onset has been confirmed to 
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be discharged by quercetin and other flavonols deoxygenation which is catalyzed 
by Cu- pirin-like protein. The result of Cu-pirin-like protein deoxygenation 
products which is the carbon monoxide and depside intermediate confirm the 18O 
incorporation into the substrate [42]. The purpose mechanism is that the enzyme 
supports both atom of 18O to configure depside instead of carbon monoxide and 
authorize the deoxygenase occupation. A single atom of the oxygen attack the 
carboxyl group and another one attack the ester carbonyl of the substrate. Whilst 
the carbon and oxygen of carbon monoxide are resulting from the substrate and not 
from the water molecule [55]. 
 
Table 1. Relative rate of the pirin-like protein towards flavonols degradation and 
the analysis of the CO formation. 
Substrate Synonym 
Rel. rate compared 
to quercetin (%) 
CO 
formation 
Quercetin 3,5,7,3',4'-pentahydroxy-flavone 100  + 
Fisetin 3,7,3',4'-tetrahydroxy-flavone 28 + 
Myricetin 3,5,7,3',4',5'-hexahydroxy-flavone 460  + 
Kaemferol 3,5,7,4'-tetrahydroxy-flavone ~0 - 
Luteolin 5,7,3',4'-tetrahydroxy-flavone ~0 - 
Morin 3,5,7,2',4'-pentahydroxy-flavone ~0 - 
Galangin 3,5,7-trihydroxy-flavone ~0 - 
Taxifolin 3,5,7,3',4'-pentahydroxy-2,3-dihydro-flavone ~0 - 
 
Based on the verifications of the Cu- pirin-like protein capability in 
flavonols deoxygenation, an enhance activity assay was taken. It was commenced 
by substrate specificity. Among the 8 flavonols applied as the Cu- pirin-like protein 
substrates, only quercetin, myricetin and fisetin are able to be oxidized by the pirin- 
like protein. However, the rate upon fisetin is considerable low, so the Km and Vmax 
value are measured using quercetin and myricetin. The occupied kinetic parameters, 
the Km and Vmax, of both oxidation are 13 µM and 1.2 U/mg for quercetin substrate 
respectively, and 9.4 µM and 5.3 U/mg for myricetin substrate respectively. The 
Km values by Cu-pirin-like protein deoxygenation are comparable to the given 
value of other quercetinases while the Vmax values are lower [13]. This offers a sign 
that pirin homologue of the P. stutzeri has habitually affinity to quercetin compared 
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to quercetinase but might be the activity is not intrinsically appeared in the current 
reported pirin.  
Lastly, the quercetin substrate was successively implemented in the optimal 
pH and temperature pursuing for Cu-pirin-like protein. The result of this optimum 
environment was 40°C for temperature and 7.24 for pH as depicted on the following 
Fig. 41. 
  
Fig. 41. Cu-pirin-like protein characterization of (A) optimum temperature in 50 
mM Tris-HCl ph 7.5 and (B) optimum pH by using 50 mM Britton-Robinson 
buffer arrangement. 
 
4.4.  Conclusion 
The homology modelling and the spectra of the pirin-like protein has given 
the predicted structure of it, which is in the form of monomeric bicupin with a single 
active site upon the N-terminus. This active site has the ligand binding of His59, 
His61, His103 and Glu105 which show a pirin binding site characteristic of H3G. 
Furthermore, this active site is able to perform a dioxygenase activity toward 
quercetin and flavonols with quercetin as the most preferred one. The most reliable 
metal ion cofactor to induce this quercetinase activity of the pirin-like protein is 
copper, which is a common metal ion for fungal quercetinase. As a final point of 
this chapter is the optimum environmental condition for the pirin-like protein in 
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The previous data of the Pseudomonas stutzeri strain Zobell pirin-like 
protein show a lower activity in maintaining quercetin cleavage than the activity of 
the real quercetin of the fungal or bacterial. This comparison was done toward 
quercetin and not the pirin-like protein of the other organism, because there is no 
explicit report of the pirin-like protein rate activity against quercetin which is 
probably due to their depleted rapidity in quercetin degradation. This situation 
triggers an assumption that as a common phenomenon, the pirin-like protein 
binding site is smaller than quercetinase, so the substrates are cannot easily enter 
and bound to the ligand amino acid residues. Therefore, it will be so challenging 
for the experiment to try to manage a dilatation of this binding site to be wide 
enough for substrate binding. 
An enzyme binding site is usually embedded in the protein hydrophobic 
cavity. This cavity is constructed through folding mechanism which is compelled 
by such substantial free energy primarily stipulated by hydrophobic effect amongst 
amino acid residues. An appropriate energy will support correct folding and then 
give a well-defined cavity configuration for performing catalysis [43]. Therefore, 
in order to get an enhanced enzymatic activity, the cavity of the enzyme should be 
re-configured. This effort can be done by trying to implement a better enzyme 
folding which is induced by a greater generous energy. The greater energy is offered 
by an improved amino acid composition. A kind of effort to improve the amino acid 
composition is can be assessed by mutation of one or some nucleotides of the 
recombinant to modify the translated amino acids of the pirin. This sequence 
modification of specific residues within the cloned DNA of a recombinant for 
altering the enzyme performance is known as mutagenesis [44].  
The strategy of the mutagenesis can be attained by the site-directed one with 
synthetic oligonucleotides having an internal mismatch to the complement DNA 
template [45]. The pirin-like protein active site was composed by some hydrophobic 
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amino acid residues. Determining the most suitable residue for enlarging the 
enzyme active site is definitely important as the starting point of this mutagenesis 
experiment. The structure examination give a perception of an occurrence of a fairly 
non-reactive amino acid composing the binding site. This amino acid is not 
considerably involved in the protein function, but positioning near by the ligand 
active site and buried in the hydrophobic cavity of the pirin. This amino acid is 
phenylalanine (Phe56). The mutation of Phe56 to the other amino acid having less 
hydrophobicity and size will perform a lot more secure energy for a better folding 
and develop a larger cavity for the pirin. The apparent alternate amino acid of this 
phenylalanine is alanine [46]. 
Moreover, this situation suggest an additional experiment in this pirin-like 
protein study which is managing a mutagenesis toward the pirin gene. The mutant 
was gained by a rapid method of mutagenesis, which is a single mutagenesis by site 
directed mutagenesis. The target of the mutation is the Phe56 which is a residue 
within the pirin cavity but has no reactivity toward the ligand binding site. The 
amino acid residue to replace the phenylalanine was the alanine residue which has 
low hydrophobicity and presumable can generate more energy to expand the 
expressed protein active site cavity which is settled to elucidate the problem 
pertaining to the low quercetinase activity of the gained enzyme. Hereafter, the 
mutant was denoted by MTF56A. 
 
5.2.  Materials and Methods 
5.2.1. Materials 
The plasmid origin for the mutagenesis is the plasmid of pUC18 which store 
the pirin-like protein DNA for the wild type expression. The competent cells are 
BL21 (DE3) from New England Biolabs (Ipswich, New England). The kit to arise 
the mutation is the QuikChange® Site-Directed Mutagenesis Kit from Stratagene 
(Canada). The instruments of the research are electrophoresis apparatus, PCR 
Thermal Cycler Dice® from TaKaRa, and MiniPulser Electroporation System from 
Bio-Rad (California, USA). The other materials are QIAEX II Gel Extraction Kit 
were purchased from Qiagen (Maryland, USA), PrimeSTAR GXL DNA 
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polymerase from TaKara (Tokyo, Japan). The vectors for mutant cloning was 
pUC18 vector from Stratagene (Santa Clara, USA). The restriction enzyme is DpnI 




a. Site – Directed Mutagenesis 
The pUC18 plasmid having the pirin-like protein gene was used as a 
template for a mutagenesis by QuikChange® Site-Directed Mutagenesis Kit. The 
plasmid was then amplify by oligonucleotides primers containing the desired codon 
for mutation. The forward primer is 2,3QD_F56A(+) which is 5’-AGTACATCG-
CCGGCGCCCCGCCGCACC-3’ and the reverse primer is 2,3QD_F56A(-) which 
is 5’-GGTGCGGCGGGGCGCCGGCGATGTACT-3’. The underlined nucleotides 
are the site of mutation. The PCR program was a 25 cycles program of 98°C for 
denaturation in 10 s, 55°C for annealing in 15 s and 68°C for extension in 240s. The 
amplified fragments of MTF56A mutagenesis were digested with DpnI for 2 hrs, 
ligated into pUC18 and transformed into XL10-Gold cells prior to a subsequent 
transformation into BL21 (DE3). The screening to verify the pirin gene occurrence 
in the pUC18 plasmid within the host cell was done by colony PCR which occupy 
EmeraldAmp® PCR Master Mix and also sequence. 
 
b. Expression and purification of the recombinant pirin 
The apo-enzyme expression was attained by LB medium incubation at 25°C and 
150 rpm for overnight with the induction of 0.2 mM IPTG after 4 hrs growth. The 
cells were collected by centrifugation at 8000 rpm for 15 min, and the protein were 
harvested by cells sonication in 20 mM tris-H2SO4 pH 8.0. Composites of 
recombinant was purified by Ni-affinity chromatography by washing buffer of 20 
mM tris-H2SO4 pH 8.0, 300 mM NaCl and 20 mM imidazole. The protein was then 
eluted similar buffer but with 300 mM imidazole. Protein purification was verified 




c. Sample preparation  
At first, the Cu2+ containing MTF56A were concentration measured by BCA assays 
based on the manufacturer’s instructions (BCATM Protein Assay Kit). Then a 10 eq. 
EDTA to the enzyme concentration was combined into the protein solution and 
incubated for overnight at 4°C. The apoenzyme was dialyzed in 100 mM potassium 
phosphate pH 8.0 buffer to remove any residual imidazole and salt. Next, I eq. 
CuCl2 was combined slowly to the resting enzymes and incubated for overnight. 
The excess metal ion was eliminated by dialysis in 100 mM potassium phosphate 
pH 8.0 buffer.  
 
d. Enzyme assay  
The MTF56A capability in quercetinase is analyzed within a reaction mixture 
containing 1 mL 50 mM Tris-HCl ph 7.5, 100 mM NaCl, and 50 µM quercetin in 
DMSO (5%) at RT. The activity assay was the monitored of quercetin substrate 
alteration of absorbance at 380 nm (ε380 = 18500 M-1 cm-1) on the 
spectrophotometer. 
 
5.3.  Result and Discussion 
The screening for the MTF56A clones has able to detect a ligated of a 
mutated pirin gene into the pUC18 plasmid within the BL21 (DE3) cells. Thus, the 
cell was utilized for mutated pirin-like protein expression. The gained protein had 
a better refinement than the wild type one, so it can be purified only by a single 
absorption purification which is by Ni-NTA column chromatography. The SDS-
page gel containing the denatured protein proved the purity of the protein.   
Unfortunately, in spite of the high purity, the protein was detected to have 
no quercetinase activity. The miss folding of the expressed protein was the most 
probability in causing the loss of activity. Specific catalytic activity and mechanism 
of an enzyme was depend mainly on the orientation of some amino acid which 
construct the principal structure of the enzyme, such as the ligand and binding 
cavity. This shape and polarity of the amino acid will then support the enzyme 
folding which give an effect toward its activity [75]. An alteration of a single amino 
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acid will construct a different enzyme folding, which can be the improvement or 
the deterioration to the original one. There is a possibility that the alteration of 
phenylalanine into alanine has provided a poorer energy for enzyme folding which 
finally provide a smaller substrate cavity and lower enzymatic activity. Thus, the 
MTF56A enzyme was suggested to be a depreciation of the wild type enzyme. 
Moreover, a study on a bacterial Ig-like protein mutations with Phe shift to 
the Ala as one of it, give a happening of a disruption toward the original enzyme 
folding. This mutation of Phe to Ala decrease the packing density and stability of 
the protein domain, which in turn reduce the size and the hydrophobicity, and finally 
the energy for enzyme β sheet folding within its sandwich structure was declined 
and the substrate cannot accurately come into the protein cavity [76]. 
 
5.4.  Conclusion 
The experiment was successfully managed a site-directed mutagenesis upon 
the pirin-like gene which was stored in the pUC18 plasmid. In the expressed 
protein, the mutation was the shift of Phe56 amino acid residue into Ala. In spite of 
this achievement, the purpose of getting an enlargement of the protein cavity was 
thought to be neglected. This assumption was come from the data that the MTF56A 

















The study was able to provide a comparable pirin-like protein gene to the 
reported Pseudomonas stutzeri Zobell draft genome. The gene was achieved by 
genome walking and successfully cloned into pUC18 as the finest vector for the 
pirin-like protein expression. The expressed protein was extracted by sonication for 
breaking the host cells which is BL21 (DE3). Column chromatography procedure 
by Ni-NTA and gel filtration have delivered a considerable pure enzyme which has 
been N-terminal amino acid sequence confirmed to be the pirin-like protein. This 
enzyme was approved for having quercetinase competence as depside intermediate 
and carbon monoxide produced in the catalytic quercetin degradation. The enzyme 
quercetinase activity has an optimum temperature of 40°C and pH of 7.24. 
Further analysis of this reliable enzyme has invented three contemporary 
results. The first was the pirin-like protein metal dependency which was taken by a 
separated addition of bimetal ion of Fe2+, Cu2+, Ni2+, Zn2+, Co2+ and Mn2+ in which 
copper was settled to be the most suitable cofactor for the enzyme deoxygenation. 
Copper was feasibly bound to the ligand residues of His59, His61, His103 and 
Glu105 as elucidated by sequence alignment and homology modelling structure 
regarding to E. coli pirin-like protein. An adjusting type II Cu coordination and the 
proposed ligand residues were checked by UV-VIS spectrophotometer and EPR.  
The second was the substrates specificity against myricetin, kaempferol, 
fisetin, galangin, taxifolin, morin, and luteolin, in which myricetin shows a higher 
specificity than quercetin. The last one was managing a site-directed mutagenesis 
over the pirin gene to expand the expressed enzyme active site cavity but 
unfortunately could not achieve the intention which was to increase the rate of the 
pirin-like protein in quercetinase activity. 
Finally, this study of pirin-like protein could not gain a clear quercetinase 
mechanism, but it stipulated a valuable marine bacteria representative of enzymatic 
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